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@ Coconjugate vaccines comprising Immunogente protein, HIV related pepfides, and anionic moiefles. 

0s A novel ooconiuaate comprising an Immunogenic protein or protein complex having a ^ of 
® coval^UrS to low i^^Iar weight moieties, -a", wtBCh have ^ J^^^JV^L^ 

SanSer atXsiotogical pH. and a second set of covalent linkages to PepWes cornpnsing^^ 
SSSeSie^wST^ Neutralizing Detenninants (PNDs), or peptides ^"ninote^^ 

therSrith. is Lsefil for inducing anti-peptide Immune ^^^J^I^I!^ SS 
^^.neutralizing antibodies in mammals, for formulating vaccines to prevent HIV '^'^^^^ 
indudStl^ Acquired Immune Deficiency Syndrome (AIDS), or for treating humans afflKled with HIV 
infection or disease. 
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BACKGROUND OF THE INVENTION 

Thfe Invention is concerned vwth novei covalent peptide-protein conjugates and a method <rf nr^ng and 
a method of using such conjugates. Principal Neutralizing Detemiinant (PUD) peptides, having the property of 

5 binding to antibodies capable of neutralizing Human Immunodeficiency Virus (HIV), are conjugated to a carrier 
which is comprised of an iirvnunogenic protein or protein complex, preferably the Outer Membrane Protein 
Complex (OMPC) of Neisseria . 

The term "neutralizing" as applied to antil>odies means that virad exposure to such antibodies, whether ]n 
vHro or in ^vo, results In the attenuation or abrogation of any or all of the recognized virus-mediated 

10 pathophysiologic functions characteristic of HIV infection and dfeease including cellular fusion, cellular infec- 
tion. CD4 receptor bearing cell depletion, and viral proliferation. Neutralizing antibodies meeting these criteria 
have been detected in the sera of HIV-infected patients and have been induced in animals and humans by 
immunization with diverse HIV related antigens. 

Attenuated or kflled whole HIV, HIV subunit proteins, live recombinant vaccinia virus containmg incorpo- 

f 5 rated HIV genetic material, and HIV specific peptides have all been evaluated for potential use as protective 
or therapeutic post-infection Immunogens. The whole-virus approach is attended by ttie danger, however snr^all. 
of producing an active infection in vaccine recipients, while ttie subunil-protein-vaccine approach has met with 
limited success In the induction of virus-neutralizing antibodies. The I'lve-recombinanl-vacclnia-vlrus vaccine 
approach has promise, but the dangers inherent in the introduction of a live virus, however benign, especially 

20 into an already immunocompromised redplent, are obvious. Thus far, peptide based immunogens hold ttie most 
promise. The following references provide a general overview of ongoing vaccine evaluations: Lasky. L A.. 
Crit Rev, in Immunol. 9. 153 (1989): Ganison. L, Clements, L M.. Comprehensh^e Therapy 15. 47 (1989); 
Dalgleish, A., Drugs of Today, ^ 709 (1989); Schulbafer, E P.. Venma, R. S.. Invlvo 3, 61 (1989); Fauci, A, 
S., el a[„ Annals of Internal Medicine 110. 373 (1989); Rosenberg, Z. F., Faud, A. S., Advances in Immunol. 

25 47, 377 (1989); and Snart R. S. AIDS 2, S107 (1988). 

Peptides of interest in this Invention, hereinafter referred to as Principal Neutralizing Determinants (PNDs), 
have been identified which are capable of eliciting HIV-neutralizing immune responses In mammals. Although 
immunogenicity can be conferred on ottier HIV related or unrelated peptides upon conjugation according to 
this invention, of particular Interest here is the PND located in tiie HIV IIIB and in most other HIV isolates, such 

30 as the MN isolate, at or near the amino adds between 296 and 341 of the HIV envelope glycoprotein, gpl 20 
[numbering according to ttie scheme of Ratner et Nature 313, 277 (1985)]. Although ttie amino acid sequ- 
ence in this region is variable across HIV isolates, ttie inter-isolate conserved core amino add sequence. Gly- 
Pro-Gly (GPG). appears In over 90% of ttte isdates tested In one study, whBe ttie sequence Gly-Pro-Gly-Arg- 
Ala-phe (GPGRAF) appears In a large number of common Isdates [Goudsmit. J., Aids 2, S41 (1988)]. Less 

35 highly conserved amino adds appear on eittier side of the GPG trimer. A minimum of between 5 and 8 amino 
adds, Induding the GPG, appears to be necessary to induce an HIV neutralizing response [Javaherian et al.. 
PNAS USA 86, 6768 (1989); Goudsmit et al.. Res. Vird. 140. 419 (1989)], 

Linear or cydic peptides may l>e utilized to make conjugates which generate HIV neutralizing Immune res- 
ponses. SmaO divergences In amino add sequence, for example the substitution of a valine for an alanine, or 

40 an aspartate for a glutamate, may in some cases give rise to peptides capable of elidting simBar Immune res- 
ponses. Furthemore, peptides having consen/ed tertiary structures but having dwergenl primary stmctures. 
as in a series of cydic PND peptides (cPNDs), may give rise to similar immune responses. 

Because HIV ts known to be transmitted in eittier a cdMree or a cdl-associated form, it may be an essential 
requirement that peptidyl epitopes be capable of priming botti B-ceil- and T-cdl- mediated immune responses, 

45 such as antibody production and antibody-dependent celMar cytotoxidty. in order to be useful as anti-HIV 
ImnHjnogens. Peptide sequences from 8he gp120 region described above have been shown to be capable of 
Indudng l>otti types of immune responses [Goudsmit. J., AIDS 2, S41 (1988)]. 

In addition, in order to generate a useful anti-HIV vacdne, PND peptides, whwh are generally poorty 
immunogenic on their own, often must be conjugated to a carrier in a reproducible and quantiTable fashion. 

50 Unconjugated peptides are not only poor inducers of B-cell-mediated antibody production, ttiey are also weak 
Inducers of protective T-cdl responses. The instent invention overcomes ttiese problems by providing novel 
immunological conjugates of ttie PND peptides and immune enhancers. 

In US Patent 4,695,624, Mafburg et al. disdosed conjugation chemistry for covalently coujrfing ttie 
HaemophHus influenzae b capsular pdysaccharide, pdyribosyl ribitd phosphate (PRP) to ttie OMPC ofNeis- 

55 seria meningitidis. Such conjugates were capable of eliciting anti-PRP immune responses and were useful as 
Immunogens to prevent Haemophilus Influenzae b infections. The conjugates of this invention raise a conv 
pletdy novel immune response against ttie HIV PND peptides which are absent in ttie conjugates of ttie 
4,695.624 patent 
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The novel conjugates of this Invention are useful for Inducing mammalian immune responses agah^ Je 
*e coniuoate Where the peptide component of the coconjugate represents an HIV PND 

^^l^X^^^^pi^ZtMe antlH^es in mammals, for inducing HIV-neutralizing antibodies 

SUMMARY OF THE INVEhJUON 

The coconiugates of the invention have the general sinicture: 

j(PEP-A-)-PRO-{-B-a-)x 

or Dhamiaceuticany acceptal>le salts thereof, wherein: 

reP te^^PND peptMe. or a peptide capal-e of raising mammalian immune responses which recognee 

PRo'^te ^'immunogenic protein or protein complex, preferably the outer membrane p«,teln complex (OMPC) 

iS of Neisseria meningitidis b; 

-A- is a covalent linkage. preferaWy a bigeneric spacer, 

is^'S^^Jili^U moiety having an anion., or pCyantonic djaraCer at pM^^^ pH. and con. 

nrises from one to five residues of the anionic form of carboxylic. sulf6n«. or phosphonic acrf. 

j'^e^Tloading. and is the percentage by mass of peptide in the coconjugate. and » between 1% and 
ortw ^-.w .^^hhi h»twf^ 1% and 50% of the total protein mass in the conjugate; 

j;jSro?;:^^rBla* i:"L^njugate. ^e^^y between 1% and 90% of m. and most 

'^'^ecoconjugateofthelm/e.ttionlspreparedbyaprocessthatut.T^.s^ 

ties "n? toTndTproleins, such as the amino group of lysine, the imidazole group of h«W.ne or the hyd««yl 
^^'of^rtrtSl.^.or.yn>sine.Thep^^ 
Lth«J of activation, and reaction of protein, peptide, and anionic groups canbe vanedThe process may com- 

30 prise the steps of: 
Process 1: 

1a. reacting the protein nudeophilic groups with a reagent, for example with N-acetyl homocysteine tWoIao- 

35 tone. Which generates thiol groups onihe protein. o^aoert-suchas 

1 b. reacting a fraction of the sulfhydryl groups of the protein -protein from step "^"^ ^ 

a maleimidoalkanoic add. comprising an electrophfle and an anion whK* has a negatrve d«rge at 

Ja'Sl^tiri^.duct of step lb with peptides previously derivalized so as to append an electmphOic 

40 group on the peptide; or 

Process 2: 

2a reacting the protein nudeophHic groups with a bifundional elediophnic reagent, sud, as maleimidoal- 
« kanwc acid hydroxysuccinimide ester, so as to generate an dedrophSic protein. ^„i^^ 
S^Sng a fr3<^on of the eledrophnic sites on the produd of step 2a with a raagent compns.ng both a 
nudeophile and an anion, such as a-mercaptoaceticaad, and ^ » «,-.„i omur>- or 

2c. reading the produd of step 2b with a peptide containing a rajcieophile, sudi as a thK)l group, or 
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3a readingafradion Of the protein nudeophnicgroupswrthareagentcompnsing both an el^ 

an anion J indplent anion, sudi as N-(bromoacetyl)^ino caprolc add. or succinic anhydnde, 
3b rSi"g meJesidualfrad.onofnudeophflicgroupson the produd 
Witt) N-acetyl homocysteine thidadone. whteh generates Ihid groups on the protein, and 
aar^dthep^ct of step 3b with peptides previously derivatized so as to append an eledmphnn: 
group, preferably comprising maleimide, on the peptide; or 



3 



EP0 467 700 A2 



Process 4 

4a reading a fraclton of the protein nudeophDic groups wtlh a reagent comprising both an electrophile and 
an anion or incipient aniwi, such as N-(t)romoacetyl>-6-amIno caproic acid, or succinic anhydride, 
5 4b. reacting the residual protein nudeophilic groups on the product of step 4a with a bifunctional 

electrophilic reagent, such as maleimidoalkanoic add hydroxysucdnlmide ester, so as to append 
electrophnic sites onto the protein, 

4c. reacting the product of step 4b with a peptide containing a nudeophilic group, such as a thiol. 
Each of these processes appends negative charge and peptides onto an immunogenic protein, and each 
10 allows for preparation of a conjugate having different physico-chemical characteristics, such as solubnity and 
propensity to aggregate. 

OBJECTS OF THE iNVENnON 

f 5 Accordingly, it is an object of this invention to provide conjugates that are highly immunogenic and are cap- 
able of raising an Inrwnune response In mammals specific to the epitopes presented by the peptidyt portion of 
the conjugates. Another object is to provide a covalent coconjugale immunogen wherein the peptide portions 
of the peptide-protein conji^ates are capable of eliciting mammalian immune responses which recognize HIV 
Prtndpal Neutralizing Determinants. Another object te to provide a coconjugate immunogen capable of raising 

20 mammalian anybody responses which neutralize the Human Immunodeficiency Virus. Another object is to pro- 
vide a process for the high-yield production of covalent peptide-protein conjugates which are soluble in aqueous 
media. Another object is to provide a method of using such coconjugate immunogens to raise anti-peptide. anti- 
HIV, or HlV-neutralizing immune responses In mammalian redpienls. Another object is to use vacdne fomiu- 
lations containing the coconjugate of this invention to immunize humans prior to or after contraction of HIV infeo- 

25 tkin or disease induding AIDS. 

DEFINITIONS AND ABBREVIATIONS 



AA assay amino acid analyse n^ethod wherein peptides or proteins are acid hydrolyzed to the 

30 free amino adds and then quantltated 

Acm acetamtdomethyl thiol protecting group 

activation reaction of peptides, proteins, or anionic moieties with a reagent capable of derivat*- 

zing the nx>iety In order to enable subsequent desirable reactions to occur 

AIDS Acquired Immune Defidency Syndrome 

35 amino add a molecule having both an add and amino functional group: there are 20 common a- 



amino acids with the general structure H2N-CHR-COOH, wherein the R group defines 
the identity of the amino add; these amino adds may have either a D or L stereochem- 
ical form and unless spedfied otherwise, by the lower-case one letter abbreviation, or 
by the prefix 'D-' before an amino add name, the amino add is of the natural or L con- 
figuration; the names of the 20 common amino adds and the stiucture of the R group 
are identified herein in single-letter code according to the following table: 
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AMINO ACID 


3-letter 


1-letter 


side- 


NAME 


code 
Ala 


code 


chain (R) 


Alanine 


A 


-CH3 


Arginine 


Arg 


R 


- (CH2 )3NHCHNH2NH2 


Asparagine 


Asn 


N 


-CH2CONH2 


Aspartic Acid 


Asp 


D 


-CH2COOH 


Cysteine 


Cys 


C 


-CH2SH 


Glutamic Acid 


Glu 


£ 


-(CH2)2C00H 


Glutamine 


Gin 


Q 


-(CH2)2C0NH2 


Glycine 


Gly 


G 


-H 


Histidine 


Bis 


H 


-CE2-isiidazole 


Isoleucine 


lie 


I 


-CH(CH3)CH2CH3 


Leucine 


Leu 


L 


-CH2CH(CH3)2 
-(CH2>4NH3-^ 


Lysine 


Lys 


K 


Methionine 


Met 


M 


-(CH2)2SCH3 


Phenylalanine 


Fhe 


F 


-CH2-Phcnyl 


Proline 


Pro 


P 


-a » N-t r ime thy lene 


Serine 


Ser 


S 


-CH2OH 


Threonine 


Thr 


T 


-CH(0H)CH3 


Tryptophan 


Trp 


W 


-CH2-indole 


Tyrosine 


Tyr 


Y 


-CH2-phcnyl-0H 


Valine 


Val 


V 


-CH(CH3)2 



a protein produced by mamalian B cells that te capable of binding a particular antigen 
AIDS-Related Complex 
Azidothymidine, an anti-AIDS compound 

a molecular chain resulting from the reaction of separately deiivatired partners; 
analylical degradation of the cooonjugate fbnned through the spacer allows release 
and quantitation of the spacer, providing a nieasure of the degree of covalent attach- 
ment 

BenzotriazoH-yloxytris(dimethylamino)phosphoniumhexanuorophosphate 

the elimination of reactive sites on a coconjugate by reaction with small molecules 

t>enzyioxycartonyl 

a complex of discrete chemical entities covalentJy bound one to the other, wherein at 
least one entity is a desired antigen (e.g. an HIV PND) and another entity is a carrier 
a conjugate having a tow molecular weight anion covalently coupled to the carrier, in 
addition to the covalently coupled antigen, this term may be used interchangeably with 
the abbreviated term, conjugate 

those amino adds of an HIV PND which are essential for inducing HIV-neutralizing 

Immune responses in a nrwnmal, and comprise a part of the loop amino adds 

diphenylphosphorylazide 

enzyme-linked immunoadsorbant assay 

9-fluorenylmelhoxycarbonyl 

Human Immunodefidency Virus, a member of the lentivims group and the purported 
etidogic agent 'mplicated in AIDS and related complexes; HIV is alternatively known 



antil)ody 

ARC 

AZT 

bigeneric spacer 



BOP 

capping 

Cbz 

conjugate 
coconjugate 



core amino adds 

DPPA 
EUSA 
fmoc 
HIV 
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io 



HIV 



Immunogen 

immunologtcany 

equivalent 

peptides 

loop amino adds 

marker amino add 



Mtr 
15 NEM 
OMPC 

peptide 
PEP 
20 PND 



25 



30 



PnPs 

PRO 
protein 
PRP 
resins 



40 
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SCMHC 
50 SCMC 
Z 



as KTLV (Human T-cell Lymphocyto-trophic Virus) III, LAV (Lymphadenopathy 
Assodated Virus), and ARV (AIDS Related Virus) 

ClinicaHy recognized disease state characterized t>y the presence or any of a number 

of phyordogic dysfunctions known to t>e associated with HIV Infections* 

a mdecule us^ as a stimulator of a mammalian immune response 

cydic or linear peptides having in common the.functkm of diciting HIV neutralizing 

Immune r^ponses in ntammals, such as antit)odies. which are at>le to recognize HIV 

PND epitopes 

amino adds comprtemg the core amino adds in a cydic HIV PND peptide which go 
toward fbmnation of the peptkle cyde; 

an amino acid having a signal in the AA assay which is free of interfierence by signals 
generated by other peptide or protein amino adds, for example. nor1eudr>e, l>-alanine. 
^mruna amirK) butyric acki. 6-anrtirK>hexanoic add. ornithine 
4-methoxy-2.3,6-trimethyl phenyl sulfonyl 
N-ethylmaleimide 

Outer Membrane Protein Complex of Neisseria meningrtklis; used as an immunoenh- 
anoer and peptkje carrier 

a polymer of amino adds linked by amkJe (peptide) bonds 
peptide 

Principal Neutralizing Determinant; the name attributed to peptkiyi sequences capable 
of binding to HIV rmutralizing antit)odie$ and capal>le of raising HlV-neutralizing anti- 
txKfies in a mamm^ian recipient upon inoculation with an immunogen containing the 
PND 

Streptococcus pneumoniae capsular polysaccharide; where a number follows the 
abbreviation, for example PnPsGB. the number indksites the strain of the bacterium 
an immunogenic protein 
a large peptide 
Pdyrfbosyl-ribitd phosphate 

solid support matrices for sdid phase peptide synthesis 
Wang: 

4-(hydroxymethyl)phenoxymethy1 linkage to copolystyrene-1%divinylbenzene resin, 
which is used for k>atch Fmoc solid phase peptide synthesis, with final 95% TFA deav- 
age from the resin and concomitant deprotection of add sensitive s\de chain protecting 
groups; 
Sasrin: 

4-{hydn)xymethyl)-3-methoxyphenoxymethyt linkage to copdystyrene-1%divinylt>en- 
zene resin, which is used for batch FrrK>c sdid phase peptide synthesis, with final 1% 
TFA/CH2Ci2 deavage from the resin, leaving intact acid labile side chain protecting 
groups; 
Pepsyn KA: 

4-(hydroxymethyl)phenoxymethyt linkage to pdyamkle resin adsort)ed on to kiesel- 
guhr. which is used for continuous flow cdumn Fmoc sdid phase peptide synthesis. 
Peptides are deaved from the resin as described above for War>g resin; 
Pepsyn KH 

4- ^hydrDxymethyt)-3-methoxymethyl linkage to pdyamlde resin adsort>ed on to kiesel- 
guhr. which Is used for Fmoc sdid phase peptide synthesis. Side chain protected pep- 
tides are deaved from the resin as descrit>ed above for the Sasrin resin 

5- cart>oxymethyl homocysteamine. an add-stat>le bigeneric spacer released by deg- 
radation of covalent coconjugate Immunogens and quantifiable by AA assay 
S-carboxymethyl cysteamine, an add-stable bigeneric spacer released by degra- 
datk>n of covalent coconjugate immunogens and quantifiable by AA assay 
benzyloxycarbonyl 
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DETAILED DESCRIPTION OF THE INVENTION 

The novel coconjugate of this invention comprises an immunogenic protein, preferably the outer membrane 
protein complex (OMPC) of Neisseria Meningitidis b. covalentiy linked to antonic moeities and to HIV PND pep- 
tides. 



EP0467 700 A2 



The conjugates are prepared by the process of covalently coupling activaled peptide and acWic compo- 
nents to an activated protein. The peptide, protein and acidic components are separately activated to display 
either pendant electrophilic or nudeophiic groups so ; .at c-/alent bonds wM! form between the peptide and 
the protein and between the acidic component and the protein upon contact 

5 The covalent coconjugate immunoger» that result from the series of reactions described above may con- 
veniently be thought of as a coconjugate in which multiple peptides and multiple addic functionalities are buBt 
upon a foundation of immunogenic protein. 

When the peptide components of the coconjugate are capable of elicfting HIV neutralizing immune res- 
ponses, the conjugates of thb invention may be administred to mammals in immunologically effective amounts, 

10 with or without additional immunomodulatory, antiviral, or antibacterial compounds, and are useful for inducing 
mamTOlian knmune responses against the peptidyl portion of tiie conjugates, for inducing HIV-neutralizing anti- 
bodies in mammals, or for making vaccines for administration to humans to prevent contraction of HIV infection 
or disease including AIDS, orfor administration to humans afflicted with HIV infection or disease including AIDS. 
The coconjugate of the invention has the general structure: 

t5 j(PEP.A-)-PRCM-B-aT» 
or phanmaceutically acceptable salts thereof, wherein: 

PEP is an HIV PND peptide, or a peptide capable of raising mammalian immune responses which recognize 

HIV PNDs; ,oiiDi-\ 
PRO is an Immunogenic protein or protein complex, preferably the outer membrane protein complex (or^PC) 

20 of Neisseria meningitidis b; 

-A- is a covalent linkage, preferably a bigeneric spacer, 
-B- is a covalent linkage; 

-a- is a low molecular weight moiety having an anionic character at physi<rfogical pH, and is preferably from 
one to ffve residues of ttie anionfc form of carboxylic, sulfonic, or phosphonic add; 
25 j is tt» percentage by mass of peptide in the coconjugate, and is preferably between 1% and 50% of ttie total 
protein mass in the conjugate; 

X Is ttie number of moles of -B-a* in the coconjugate, and is preferably between 1 % and 90% of m. and most 
preferably behveen 10% and 50% of m; and 

m Is the molar amount of reactive nudeophaic functionalities in the immunogenic protein, PRO, prior to conju- 

30 gatton. , 

The coconjugate of the invention is prepared by a process that utilizes the available nudeophHic functional h 
ties, W. found in proteins. There are a total of "n"functionrf groups. (F)„. on any protein, and m is that subset 
of functionalities which are botti available for reaction and have a nudeophik: character, such as the amino 
group of lysine, the Imidazde group of histidine. or the hydroxyl groups of serine, ttireonlne. or tyrosine. In prao^ 

35 tical terms, the value "m" may be determined by an appropriate assay whteh may comprise ttiidation witti N- 
acetyl homocysteine thidactone. fdtowed by Oman Assay piman. G.L, Andi Bk>chem. Btophys., §2, 70 
(1959)] for determination of total free sulfydryl groups and/or by alkylation witti a bromoacotyl amino add, assay- 
able by amino add analysis. The value T te related to "m- and V through the mdecular weight of the peptide. 
Thus, j = (peptide mdecular weight)(m-x)/(total coconjugate protein). Thus. T Ibb percentage by mass of total 

40 coconjugate protein. , , 

The process can be carried out in several ways in which the sequence, method of activation, and reaction 
of protein, peptide, and anionic groups can be varied. The process may comprise ttie steps of: 



45 



50 



55 



Process 1: 



1 a. reacting the protein nudeophnic groups witti a reagent, for example with N-acetyl homocysteine ttiidac^ 
tone, which generates thid groups on the protein, _ 
1 b. reacting a fraction of ttte sulfhydryl groups of the protein from step 1 a with a reagent, such as maieimi- 
doalkanoic add. bromoacetic add, bromoacetyI-6-aminohexanoic add, iodoacetic ackl. or p-propidac^ 
tone, comprising an electrophne and an anton which has a negative charge at physkrfogical pH, 
1c. reacting the produd of step lb witii peptides previojsly derivatized so as to append an electrophilic 
group on the peptide. A preferred embodiment of this Invention, which may be prepared according to this 
process, has the structure: 
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O 



ciw-c-R— s n 

• n 




„.^F>PRO 



O 



(NH-C— R-S fj 




or pharmaceutically acceptable salts thereof 
wherein: 

PEP, PRO, j, m, and x are as defined supra; 

(^b^ ^ the total numt>er of functional groups, Fn. diminished t>y the number *m" of functional groups that 
are derivatized, on PRO; 
-R- is: 

a) -lower alkyi-, 

b) -sul>stituted lower alky-, 

c) -cydoafkyi-, 

d) -sut>stituted cyk>alkyl-, 

e) -phenyl-; 



a) -hydrogen, 

b) -k>weralky!, or 

c) -S03H; 
-S- is sulfur; and 

^~ is a low molecular weight anion or a polyanion of up to five residues selected from the ank>nk: form of car- 
boxylic, sulfonte, and phosphonic acids. Lower alkyl includes straight and branched chain ^kyls having from 
one to eight cart>on atoms. Substituted lower alkyls and cydoalkyls nrmy have -NH2, -NHCOCH3, alkyl amino, 
cartxixy, cartxixy tower alkyl, sulphono, or phosphono substituents. 

LBcewise, a preferred embodiment of the tnventk>n having the structure: 



wherein all variables are as defined above, rriay be prepared by process 2, which comprises the steps of: 
2a. reacting the protein nudeophilk: groups with a bifunctk>nal electrophOk: reagent, such as nDaleimidoal- 
kanoic ackj hydroxysucclnlmide ester, so as to generate an electrophflk: protein, 
2b. reacting a fiBctk)n of the dectrophilic sites on the product of step 2a with a reagent comprising both a 
nudeophtle and an anion, such as a-mercaptoacetic acid, 2-mercaptoethyf sdfonic add, 2-n>ercaptosuc- 
cink: acrd, 2-mercaptoethyl phosphonk: acid, 3-mercapto propionic add. or 2-mercaptobenzoic add, and 
2a reacting the product of step 2b with a peptide containing a nudeophlle, such as a thiol group. 
Similarly, a preferred embodiment of the invention having the structure: 



-R^ is: 




CNH-C— 




B 
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CNH-R^-R-a") 

CNH-C— R-S 
O 




wherein R» is cartK>nylJa«er alM. or I«>weralky1 acyl amlrK. and all oth^ 

S^^I^n^ydricJ^xybenzaldelvd^sodkim 

rb':S^re^'a.f«cfcnc.nudeophincgn,upson«,epnK.uc,ofst^^ 

!rfttnJ^tyl homocysteine thiolactone. which generates thiol groups on the protem. and 

Tc rS^^e^ct or Step 3b with peptides previously derivatized so as to append an electrophilK: 

group. preferal)ly comprising maleimide. on the peptide. ,K..t„^,rp- 

Lother^eferred emlxidimcnt of the coconjugale of this invenhon havmg the structure. 



.„CF>PRO 

0^^=0-8- PEP) J 



r",SStr^s'idual protein nudeophOic groups on the product of step 4a w*h a bih.n^ 
?eX?iJ? rtJg^t, such^ maleimWoalKanoic acid hydroxysucdnimide ester, so as to append 
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example, by an Bman quenching assay, of a thiophne which has an anionic group which does not particK 
pate In the thiophnic reaction. Preferal)ly a maleimido-R-acid (maleimido-R-a-), wherein R and -a" are as 
defined above. Is used. Especially preferred are nrtaleimido ethane phosphonic acid, nialeimido ethane sul- 
phonic acid, maleimido-^utaric add, msdeimldo^sucdnic add, and most preferably maleimido-propionic 
add: V is between 1% and 90%. and preferably between 10% and 50% of •m" such that "nvx" mdes of 
residual reactive sulfhydryls remain on OMPC (III) after reaction with the thiophie; 
c. contacting the product of step b. with an excess. (>in-x), of an HIV PND which has been prevtoi^y deri- 
vatized so as to append an dectrophflic group, preferably with a maleimido-alkanoic add, and most pref- 
erably witti maleimido-propionic add (this derivatization is achieved by N-prolecting afl amino groups on 
the peptide that should not be derivatized. and reacting the free peptide amino groups with a Wfunctional 
reagent preferably maleimidoalkanoyloxysucdnimide, and most preferably maleimidopropionyiQxysuc^ 
cinfrnide). to generate the coconjugate of this invention (IV). 

The coconjugate product may be purified by a number of means which take advant^ of the unique phy- 
sico-chemical properties of the coconjugate of the invention. For example, the coconjugate n>ay be purified by 
dialysis In a buffer having an ionic strength between 0.001 M and 1M and a pH between 4 and 11, and nDosl 
preferably in an aqueous medium having an Ionic strength of between 0.01 and 0.1M and a pH of between 6 
and 10. Aitemafively. or in addition, the coconjugate may be purified by concentraUng the coconjugate by 
ultracentrifugation and discarding the supernatant. The coconjugate may be resuspended in a physiologically 
acceptable buffer and, optionaDy, sterile filtered. 
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SCHEME A 



A. THEOLATED OMPC 



OMPC— <nB 

nn-cocBy 



II. ^^noMPC 




II 

O m-cocHi 



H), 




^^FXDMPC y 

[ijH-C— j— WCOCH, 
O (CI^,)a-SHj 



IV. 



o (;cH,)2-s 




o 



(NH-C- 



O [CH^la-S 



; O 

n OH 



A p«rfe,red ratto of V to W is detem^lned by pmparing con^gates with progre^^^ 
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other alternate processes, including those described al)ove as processes 3 and 4, naturafly fell within the scope 
of this disclosure, including variations on these processes, such as variations of sequence of reaction of acti- 
vated species, or ratios of reactants. 

The process fornriaking the conjugates of this invention may be applied to making any coconjugate wherein 

5 a peptide-protein conjugate desired and is particulariy significant where enhanced tmmunogenfcrly of the pep- 
tide is required. Furthermore, the process is especiaily useful when solubflity of a peptide-protein conjugate in 
aqueous media is normally very low. Absent the unique process herein disclosed, conjugates of HIV PND pep- 
tides and OMPC are very poorty soluble in aqueous n^edia, resulting in low product yield, inabflity to sterile filter 
the product, and difficulty in handlir^ during the conjugation process itself, 

10 The coconjugates herein described may be included in compositions containing an inert carrier and are 
useful when appropriately formulated as a vaccine. This may include prior adsorption onto alum or combination 
with emulsifiefs or adjuvants known in the art of vaccine formulation. Methods of using the covalent coconjugate 
InwHjnogens of this invention include: (a) use as a laboratory tool to characterize HIV PND peptkle sfructure- 
fundion relationships; (b) use as an Immunogen to raise HlV-neutralizing antibodies in a mammal which anti- 

15 bodies may be isolated and adm'mislered to a human so as to prevent infectk>n by HIV, or to limit HIV prolifer- 
atk>n post-infection, or to treat humans affllkited by HIV infectton or disease including AIDS, (c) use as a vaccine 
to immunize humans against infectk>n by HIV or to treat humans post-infection, or to boost an HlV-neutralizing 
frnmune response in a human afflteted with HIV infectkwfi or disease including AIDs. 

As a laboratory tod, the coconjugate is useful when administered to a manwnal in an immunologicany effec- 

20 live amount, to generate anti-PND peptide, anti-HIV, or HIV-neulralizing immune responses. The mamnr«l may 
be boosted with additional coconjugate to elevate the immune response. Antiserum is obtained from such a 
nwjnmal by bleedtf>g the manvnal. centrifuging the Wood to separate the cellular component from the semm. 
and isolating antibody proteins from the serum if necessary, according to methods known in the art. Such anti- 
serum or antibody preparations rhay be used to characterize the efficacy of an HIV PND peptide in a conjugate 

25 in raising mammdian anti-PND peptide, anti-HIV, or HlV-neutralizing antibodies in a mammal, EUSA assays 
using the unconjugated peptide and the antfeerum arc useful in vtoo assays for measuring the elicitation of 
anti-peptide antibodies. An in yito assay for measuring the HlV-neutralizing abflity of antiserum comprises 
incubating a preparation of Five HIV with a preparation of the antiserum, then Incubating the antiswm-treated 
HIV preparation with CD4 receptor bearing cells, and measuring the extent of cellular protection afforded by 

30 the antiserum. These assays and the characteristics of antisenjm produced by a given coconjugate may be 
used to study the PND peptide stucture-function relatk>nship. 

The coconjugate is useful for Inducing mammalian antibody responses as described in the previous para- 
graph, and such antibodies may be used to passively immunize humans to prevent HIV infection, or to limit 
HIV proliferation post-infection, or to treat humans afflteted with HIV infection or disease including AIDS. 

35 The coconjugate Is useful as a vaccine which may be administered to humans to prevent HIV infectton or 
proliferation, or to hunwns suffering from HIV disease of HIV infection, including AIDS and related complexes, 
or to humans testing seropositive for the HIV vims. The coconjugate may be administered in conjunction witii 
other anti-HIV compounds, such as AZT. or more general anti-viral compounds, or in conjunction with other 
vaccines, antibiotics, or Immunomodulators (see Table I below). 

40 The form of the immunogen within the vaccine takes various molecular configurations. A single molecular 

species of the antigenic coconjugate fVwil often suffice as a useful and suitable antigen for the prevention or 
treatment of HIV disease including AIDS or ARC. Other antigens in the fonm of cocktails are also advantageous, 
and consist of a mixture of conjugates that differ by. for example, ttie mass ratio of peptide to total protein. In 
addition, the conjugates in a mixture may differ in the amino ackJ sequence of the PND. 

45 An immunological vector, carrier or adjuvant may be added as an immunological vehicle according to con- 
ventional immunological testing or practk:e. 

Adjuvants may or may not be added during the preparation of the vaccines of this invention. Alum is the 
typical and preferred adjuvant in human vaccines, especially in the form of a thwotropic. viscous, and homo- 
geneous aluminum hydroxide gel. For example, one embodiment of the present invention is the prophylactic 

50 vaccination of patients with a suspensk>n of alum adjuvant as vehicle and a cocktail of conjugates as the selec- 
ted set of immunogens or antigens. 

The vaccines of this invention may be effectively administered, whether at periods of pre-cxposure or post- 
exposure, in combination with effective amounts of the AIDS antivtrals, immunomodulators. antibiotics, or vac- 
cines of Table I [source: hterket Letter. Nov. 30. 1987, p. 26-27; Genetic Engineering News. Jan. 1988. Vol. 8, 

55 p. 23.] 
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Pruf Name 



A. AnfiviralB 
Manufacturer TlnHcatlOn 
Ethigen ARC. PGL 



BETASERON Triton BiOBcienceB AIDS. ARC, KS 

(interferon beta) 

CARRISIN Carrington Labs ARC 

(polymannoacetate } 



CTTOVENE Syntex 
(ganciclovir) 



CMV 



DDC Hoffmann-La Roche AIDS, ARC 

( d i d eoxy cy t i d ine ) 



FOSCARKET 
(trisodium 
phosphonoformate) 

HPA-23 



Astra AB 



HIV inf. CMV 
retinitis 



Rhone-Poulenc Sante HIV infection 



^Abbreviations: AIDS (Acquired Inonine Deficiency 
Syndrome); ARC (AIDS related complex); CMV (Cytomegalo- 
virus, which causes an opportunistic infection resulting 
in blindness or death in AIDS patients): HIV (Human 
Immunodeficiency Virus, previously known as LAV, HTLV-III 
or ARV): KS (Kaposi's sarcoma); PCP (Pneumonocystis 
carinii pnetimonia, an opportunistic infection); PGL 
(persistent generalized lymphadcnopathy). 
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Drug Name 

ORNIDYL 

(ef lornithine) 



PEPTIDE T 
(octapcptide 
sequence) 

RETICULOSE 
(nucleophospho- 
protein) 

IR 

(zidovudine; 
AZT) 



RIFABUTIN 
(ansanycin LM 427) 

(triaetrexate) 

UAOOl 



VIRAZOLE 
(ribavirin) 

WELLFERON 

(alfa interferon) 

ZOVIRAX 
(acyclovir) 



Manufacturer 
Herrell Dow 

Peninsula Labs 

Advanced Viral 
Research 

Burroughs Wellcome 



Adria Labs 

Warner-Lambert 

Ueno Fine Chem 
Industry 

VirateX/ICN 
Burroughs Wellcome 
Burroughs Wellcome 



Indication 
FCP 



AIDS 



AIDS. ARC 



AIDS, advanced 
ARC 

pediatric AIDS, 
KS, asjrmpt HIV, 
less severe EIV, 
neurological in- 
volvement . 

ARC 



PCP 

AIDS, ARC 



AIDS. ARC, KS 

KS, HIV, in comb 
with RETROVIR 

AIDS, ARC, in 
comb with 
RETROVIR 
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B. TmnmnfMBOdnlators 



ABPP 

(bropirimine) 

AMPLIGia* 
(mismatched RNA) 

(Anti-human alpha 
interferon 
antibody) 

Colony Stimulating 
Factor (GM-CST) 

CL246,738 
(CL246.738) 

IMREG-1 



Mgnafaeturer 
Upjohn 



DuPont 

HEM Research 



Sandoz Genetics 
Institute 

American Cynamid 



Imreg 



jndi cation 
Advanced AIDS, KS 



ARC, PGL 



AIDS, ARC. HIV, 
KS 

AIDS 



AIDS, ARC, PGL. 
KS 



Advanced Biotherapy AIDS. ARC, ICS 
Concepts 



IMREG-2 iJnreg AIDS, ARC, PGL. 

KS 

IMUTHIOL Merieux Institute AIDS. ARC 

(diethyl dithio 
carbamate) 

IL-2 CetUB AIDS. KS 

(interleukin-2) 
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PruB Haae 

IL-2 

(interleuKin-2) 



Manufacturer 
Hoffmann-La Roche 
Immunex 



Indication 
AIDS, ICS 



INTRON-A Schering-Plough 
(interferon alfa) 

ISOPRINOSINZ Newport 

(inosine pranobez) Pbarmaceuticalc 



KS 



ARC, PGL, HIV 

seropositive 

patients 



(methionine 
enkephalin) 

MTP-PE 

(muramyl-tripep- 
tide) 



TNI 

Pharmaceuticals 
Ciba-Geigy 



AIDS, ARC 



KS 



THYMOPiaiTIN (TP-5) Ortho 

(thymic compound) Pharmaceuticals 



HIV infection 



ROFERON Hoffmann-La Roche 

(interferon alfa) 



KS 



(recombinant 
erythr opoi et in ) 



Ortho 

Pharmaceuticals 



severe anemia 
assoc with AIDS 
& RETROVIR 
therapy 



TREZAN 
(naltrexone) 



DuPont 



AIDS, ARC 



TNT (tumor 
necrosis factor) 



Genentech 



ARC, in combination 
interferon gamma 
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C. AtitibiotiCB 

PENTAM 300 LyphoMed PCP 

(pentaoidine 
isctbionate) 

'0 D. Vareines 



20 



25 



40 



45 



SO 



55 



Gag 



Merck AIDS .ARC 



It wfll be understood ftat the scope of combinations of the vaccines "^.l^® 
immunomodulatcn. antibiotics or vaccines is not limited to the list in the ''^f "^^^^ 

any combination with any pham«ceutical composition useful for the treatment of AIDS. The AIDS or^vac^ 
dnes of this im«,ntion include vaccines to be used pr^ or post-exposure to prevert or treat HIV .nfectK>n or 
disease and are capable of producing an Immune response specific for the immunogen. „ 

inju^^of this invenfion. when used as a vaccine. ^ 
eveULnts^^SUgesof between 1 pfl andSOO ^gof co«,njugate protein and P-^^^f 
300 of coconjugate protein are to be administered to a mammal to mduce ^^^P^^^^^J^^' 
neutSizing immune r,«ponses. About two weeks after the initial adminlstrabon a bo"^*' ^ 
aSsle^. and then again whenever serum antibody titers diminish. The cocoj^gate shouWbe adm.nte^ 
tered intramuscularly or^any other convenient or efficacious route, at a concentration of between 10 ng/W 
and 1 nSS^i^^P^eraWy between 50 ami 500 pg/ml. in a volume suffi«ent to n«ke up the ^t^"^"^ 
for imZd^ical efficacy. The coconjugate may be preadsorbed to alumimim hydroxrfe gel or to^ Rib. 
SjZit(GBWl1A. US priority document212.919filed29«)6/1988)a^ 

" "'te";S:r^^Kaveasa„^uneenhancer.H.de.r^^^^ 

those that result in nonspecific activation of the recipienrs immune response (reactogenia^)- In U S. Patert 
J ^ Sl.^rg et al. used the outer membrane protein complex (OMPC) derived from Ne.ss^menmfl- 
SSopr;pare pjyi^aridc^protein conjugates. OMPC has proven suitable in this lm«nbon. though other 

" ^'^S^^'nS^rJSinTci.PC from the gram^ative bacteHa have been d-i^ F««* ^ 

EXD M^140 87 (197^rFrasch el al.. J. Exp. Med. 147. 629 (1978); Zollinger etal-. US Patent * J07 5^ 
OMT?^elS^'rM.22path.Mi^^^^^ 

OMPC used herein was prepared essentially according to the Helbng process. K ,*:ctt^mai«r 

^addition subunits of OMPC. such as the dass 2 protein of Neisseria menlngitrfis. whidi .s the major 
out« memS^ne^oS^IMurakami. K.. el al.. inf^^on and Immunity . 57. 2318 (1989)] . provide immune enfw 
^ZZ^^Z^^o iSduce mammairan-immune responses to HIV PND peptides. These «;buntemay 
diS^!? by ^issodaL, of the isolated OMPC. or alternatively, produced through recombinant expression of 
the desired immunogenic portions of OMPC. # «. » i.„„«i!ftn maw lie 

The HIV PND peptides that may be used for making spedes of the coconjugate of ftis '"v^""?" "«y ^ 
linear <^ cydic peptides. The linear peptides may be prepared by known sdid phase peptide 
l^ bi^biSm expression of DNA encoding desireable peptide seque^^^ 

HIV oroteins Cydic HIV PND peptides may be prepared by cydization of linear peptides. f« example (a) by 
rdS^ptS^^nLiningat^e^sttwocysteinestogeneratedisulWe 

bonded (^e- (c) by fomiing a thioether bonded cyde. Processes for making sudi peptides are described 
SlirL^Si iltSTshLld not be constr^^ 

Jr^^e useful whenever a component peptide Is an HIV PND or is capable of priming mammal«n onmune 

"TNrpe^tireTs,™^^^^ 

sequenceTcapable of inducing an HlV-neutraJking Immune response In a mammal, including the production 
°'TrJa7cr;SZ"^J:r^ebythe.s.^^^ 

idenlSn^a^roccurs in the third hypervariable region of gp120. and a^^ 



17 



EF0467700 A2 



found to occur at given locations in a great many isolates, no stridty preserved prvnary sequence motif exists. 
This difnculty is surmounted by this invention because it allows conjugation of a cocktail of peptides having 
PND sequences from as many different HIV isolates as necessary to attain broad protection. Altmiatrvely, a 
broadly protective cocktail of conjugates may be prepared by mbdrig conjugates, each of which is prepared 
separately with a peptide moiety providing protectton against a single or several HIV isolates. 

The amino ackSs found near or between amino adds 296 and 341 of gp120 have been shown to nneet the 
criteria whk:h define a PND. In the IIIB isolate of HIV, a 41-amino^ckl sequence has been reported as follows 
(see ABBREVIATIONS AND DEnNmONS for 3 letter codes and amino add names): -INCTRPNNNTRKSIRI- 
QRGPGRAFVT1GK1GNMRQAHCNIS-, with the two cysteines being disulfide bonded to each other to form a 
loop. The trimer -GPG- is exposed at the PND loop tip. Peptides from different HIV isolates from this same reg- 
ion of gp1 20 raise Isolate-spedfic neutralizing antibodies when presented to goat and guinea pig immune sys^ 
\Btns as conjugates with keyhole-limpet hemocyanin. The major neutralizing epitope within the 41-mer sequ- 
ence, presented above* Is comprised by the dght amino ackjs surrounding and induding the -GPG- trimer 
[Javaherian et PNAS USA 86 6768 (1989)]. In Table II below a number of linear peptides of different length 
and oompositkKi tfmt can be used to prepare the conjugates of this invention are presented. The name of the 
isolate containing a peptide having the sequence of the tabulated peptide is given, along with a name herein 
ascribed to that peptide for ease of reference. The letter r on the left hand skle of each peptide represents the 
possibility of linking the peptide to an bnmunogenic protein, such as the OMPC at that positk>n. In addition, 
marker amino adds, such as norieudne and ornithine may form part of r. 
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HIV 
TgQlate 

HN 
SC 

IIIB 

IIIB 

IIIB 

HN 

HN 

LAV-1 

sr2 

NY5 
CDC4 
RF 
ELI 

Z6 

HAL 

Z3 



TABLE II 
T.TWEAR HIV PWD PEPTIDES 



r-YNKRKRIHIGPGRArYTTKNIIGT 
r-NNTTRSXHIGPGRAFTATGDIIGW 
r-NNTRKSIRIQRGPGRAFVTIGKIGN 
r-RIQFGPGRAFVTIOTIGN 
t-RIQHGPGRATVI 

r-HIGPGRAF 

r-GPGRAT 

r-IQRGPGRAF 

x-IYIGPGRAT 

r-IAIGPGRTL 

r-VTLGPGRVW 

r-ITKGPGRVI 

r-TPIGLGQSL 

r-TPIGLGQAL 
r-IHFGPGQAL 
r-IRIGPGKVF 



PNI)142 

PND-SC 

PN1)135 

PND135-18 

PNrl35-12 

PHP-MK8 

PND-MNS 

PND-LAV-1 

PND-SF2 

PND-NT5 

PHD-CDCA 

PND-RF 

PHD-ELI 

PND-Z6 

PKD-MAL 

PNP-23 



This list is not an exhaustive nst of possible PND sequences. Rather Jt is provided 
tratiTguide as to useful PND prin«iy sequences. Therefore, pepfides a^^^^ 
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the immunogen of this invention are any of the tabulated peptides or imnHjnologically-equrvalent variants on 
the theme suggested by these peptidyf sequences. The nature of the variations \s considered next 

The primary sequence of this HIV PND appears to have a conserved cor© amino add sequence, comprised 
by the tetramer sequence -GlyProGlyArg- (-GPGR-), with increadng divergence on either side of this sequence 
among HfV isolates. Some isolates have sequences that diverge even within the tetramer. having -6PGK-. - 
GPGQ-, and even -GLGO- core sequences. AH of these possa>le sequences come within the scope of this dts- 
dosure as being peptide sequences that are advantageous for conjugation according to this Invention. 

The length of the peptide is a stgnfficant factor in promoting cross reactive intmune responses. That is. an 
immune response raised against a gh^en peptidyi epitope may recognize similar epitopes from the same or dif- 
ferent HIV isolate based on the numt>er of annino adds in the epitope over and above the criticsd neutralizing 
epitope. In addition, the length of the peptide is also responsible for determining the probability of exposure to 
the immune system of the determinant responsible for generating an HIV-neutralizng response. 

In order to maximize the probabaity of relevant epitope presentation, chemistry was developed whereby 
the PND peptides may be locked into a given three-dinr^ensional configuration. It is known that the 41-amino- 
acid PND of the HIV IIIB isdate. represented above, is configured as a loop by the presence of the cysteine- 
to-cysteine disulfide bond. Disulfides, however, are labile and therefore may allow the loop to open and the 
peptide to exist in a linear forra Therefore, in addition to linear peptides and disulfide-bonded cyclic peptides, 
novel HIV PND peptides having nonlabie cydk: structures disdosed herein may all be ut3ized as the PEP com- 
ponent in the formation of the conjugates of this lnventk>n. 

The peptides that may be used in formation of these conjugates may be derived as fragments of natural 
proteins (gp120 for example), by recombinant expression of portions thereof, or by chemical synthesis accord- 
ing to known methods in the art In addition, novd cydk: PNDs may be prepared syntiietically according to the 
processes herein described. The sequences may contain both natural L-amino adds, or unusual or D-amino 
adds. In addition, the conjugation chemistry is suffk:ientty flexible so that the appropriate chok» of peptide deri- 
vatization reagents alk>ws for successful conjugation. 

Synthetic peptides have been prepared by a number of strategies conducted either in sdution or on solkl 
supports. Excellent texts covering the bask: prindples and techniques are: Prindt>les of Peptide Synthesis 
Bodanszky. M.. Springer-Veriag (1984); Sdki Phase Peptide Svnthesis, Stewart J. M.. Young. J. D., Pierce 
Chemical Company (2nd. ed. 1984); and The Peptide. Gross. E., Meienhofer, J.. Academic Press. Inc.. (1979). 
The processes descnl)ed herein, however, are not limited to the disdosure of these texts. 

Synthetic cydk: peptides may be prepared in two phases. First, tfie linear peptide may be synthesized on 
a Milligen 9050 peptide or an ABI 431A synthesizer using 9^uorenylmethyk)xy-carbonyl (Fmoc) chemistry and 
side<:hain-prolected Fmoc-amino add pentafluorophenyl esters which are known resents or using derivatized 
Wang resin, Fmoc chemistry, and side-chain proteded Fmoc-amino ackl symmetrical anhydrides, prepared in 
situ, as reagents. 

Second, the linear peptide may be cydized, either In sdution or with the peptide still attached to the solid 
phase resin. Cydization may be accomplished by any technk)ue known in the art. which may comprise, for 
example: a) incorporating cysteine residues into the linear peptide on eitfier end of the sequence which is to 
fonm the kK>p and allowing disulfide bond formation under oxkdizing conditions Known in the art; b) preparing 
a cysteine containing peptide as in (a) but retaining the cysteines as free sutfhydryts (or as Aon protected thk)ls 
which are deprotected to the firee sulfhydryfs) and treating the peptide witti o-xylytene dibromide or similar rea- 
gent, such as the dik>dide, dichlortde, or a dihalogenated straight or branched chain lower alkyi having between 
two and eight carbon atoms; such reagents read with the sulfur atiorhs of the cysteines to fonm a cydic structure 
containing two nonlabile thioether bonds to the t>enzene or the alkyI; c) allowing a free group on one side of 
the loop anrtino adds to become amide bonded to a free cart>oxyl group on the other side of the loop amino 
acids through DPPA. BOP. or simBar reagent mediated peptide bond formation. Each of these strategies is 
taken up In more detail below, after presentation of a generalized description of the cydic peptides produced 
by these methods. 

Thus, without limiting the coconjugate invention to the fdlowing peptides or methods of produdng them, 
the PND i>eptides which may t>e conjugated after removal of appropriate protecting groups as necessary, 
according to this invention indude those represented by ttie struchire PEP, which includes the linear peptides 
of Table II above: 
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H HO 

^ 

the petition of linkage beh«en PEP and OMPC. optionaDy comprising a martcer amino add. if Ri is 

10 not a maker amino add; 
R'is: 

k! ! ^!lrnr 1 to 5 amino adds, optionally induding a maiker amino acid whidi migrates at a position 

adds: preferat)ly norieuclne. gamma aminobutyric add. p-ala^ne. oromHhme. 

a) l"atKM,dorapeptkieofupto17amlnoaddsifR»isapeptideofatleast2amlnoadds.or 

b) a pcptWe of between 2 to 17 airtno adds, if 1^ is a bond; 

a) Sh*^abondorapeptideofupto17 8minoaddslfR^isapep.kleofatleast2aminoadds.or 

b) a pepfide of between 2 to 17 amino adds, if IV is a bond; 
-GPGR- is the tetramer -GlyProGlyArg-; 

o\ tjrf rkLTO. with bonded to the methine cartjon. if R' is R», or 

a) a wtkJe of one to five amino acids, optionally induding a marker amino add, 

b) -OH, 

c) -COOH. 
30 d ) -CONH2, 

e) -NH2. or 

f) -absent 

ajfoLnoacid Side chain, selected t^me^^^^ 
35 table of Defmrtios and Abbreviations), if the ophonal bond ( ) to is absent. 

b) -R»-S-S-. or-R»-S-R*-R«-W»-S., if R^ is R«. or 

c) -R»-NH-ifR7fe 



IS 



20 



25 



so 



55 



^ C=D • or -C-Oii-CHi-CH-NH-CSO ; 



R'^is: 

45 a)-R»-. 



b) 



I 

-C=D 



or 

c) 



-C- CH2- CH2- CH- NH- C=0 
O CONH2 
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R» is a bond or loww alkyl of between one and eight carbons; 
R»is; 

a) R«. or 

b) xylylene 
5 R"is: 

a) lower alkyl, or 

b) -CHa-O^Hr; and 

every occurrence of a variable Is Independent of every other occurrence of the same variable. When a peptide 
has been synthesized with a protected amino tenminal amino add, the an amino terminai protecting group such 

10 as benzyloxy carbonyl (2) for protecting amines, or acetamkJomethyl (Aon) for protecting sulfhydryls, may be 
removed according to methods known in the art and exempfified herein. The deprotected group thus revealed 
may be utaized in covalent bond fbiTnatk>n. through the linker r, to the immunogenic protein. 

Hereinafter, amino acWs -R2^GR-R*-, v^'tdh form the "core' of the PND peptWes, and go toward for- 
mation of the loop of a cyclk: peptide, wHI be referred to as loop or core amino acids. When the optk)nal bond 

15 between R« and R^ is absent however, the structure. PEP, is linear, and enconripasses all of the linear peptides 
of Table II. 

Whether the peptide Is linear or cydk:. the amino add sequences comprising R^ and R* of PEP may be 
any combinatk>n of amino adds, induding sequences surrounding the core -GPGR- tetramer In any of the sequ- 
ences of Table II. Thus, the core amino adds represented by -R2-GPGR-R>- may be further defined as having 
20 the core amino add structure: 

wherein 

-GPGR- is the tetramer -GlyProGlyArg-; 
Xi is a constituent of R^ selected from: 
25 a) serine, 

b) prdine, 

c) arginine, 

d) histidine, 

e) glutamine, or 
30 f) threonine; 

X2 is a constituent of R^ selected from: 

a) isdeudne, 

b) arginine, 

c) valine, or 
35 d) methionine; 

X„ is is a constituent of R^ and is either a bond or a peptide of up to 15 amino adds; 
Xa is a constituent of R^ selected from: 

a) alanine, 

b) arginine, or 
40 c) valine; 

X4 is a constituent of R* and is selected from: 

a) phenylalanine, 

b) isdeudne, 

c) valine, or 
45 d) leucine; 

Xm is a constituent of R' and is a bond or a peptide of up to 1 5 amino adds. In a prelierred embodln)ent of this 
Invention X2 is isdeudne, such that the PND is that of the MM isdate of HIV. It is also feature of the preferred 
embodiment that the peptide contain a total of about 12-30 amino acid residues within the loop. 

The cydtc peptides may be labile disulfide l>onded structures or a cyde formed through a rK>nlabile bond 

50 or structure. The term 'nonlabile bond" means a covalent linkage, other than a labile disulfkle bond. Examples 
of such nonlabfle t)onds are amide and thioether bonds. These covalent linkages may be through a bridge struc- 
ture, such as xylylene, through a lower alkyl, through -CHrO-CH2, or through an amino acW amide-bonded 
bridge. By altering the t>ridge structure and/or the numt>er and combination of amino adds tnduded in the pep- 
tide, the conformation of the loop structure of the cyde rrray be optimized, allowing for fine-tuning of the PND 

55 epitope presented to the immune system. For example, use of an o-xylytene bridge generates a "tighter* loop 
structure than when, for example, an eight carbon straight chain lower lakyi is used as the bridge. Thus, the 
conjugates of this invention are useful both as reagents to analyze the structure-function relationship of the 
PND epitope in raising anti-peptide, anti-HIV, HlV-neutralizing, and anti-AlDS imnrHjne responses in mammals. 
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10 



15 



and as components for formulation of ant^HIV disease, including AIDS, vaccines. ar. 

Snrrproducts obtained may be characterized by ^t-atom-bombardm^t ^^c^^ FAB- 
MSI reverse phase HPLC. amino add analysis, or nudear magnetK: resonance spedroscopy (NMR). 

a. Cydic Peptides through Disutfide-Bonde d Cysteines: 

rJ,rr««nnte a DTDcess ufflizina the Acm derivative of cysteine to generate disulfide bonded cPNDs is used. 
jL?^SZ^^^^a?^cat-e.Forexamp^^^ 

ZtZ^X^^2 fLZ^s, in trifluon^cetic add. "me pepWe is al^fonn d«umdes 
ol^^.5 dZxfs at beZ^ alxxrt 10 and 40» C. The disulfide t»nded peptjd^are prefe,red. 
Thus, in a prefened embodiment of this invention, the peptide has the structure: 

Pro — Gly 
H H qciy Arg H H O 



20 R"— ^ S- 

or pharmaceutically acceptable salts thereof, wherein: 
ris: 

25 a) hydrogen, 
b) 

o 
o 

wherein W is preferaWy -{CHJr or ^CH^r or R», where R» is 



35 



40 



45 



SO 



55 



wherein is lower alkyl. lower alkoxy, or halo; 
Ri is: 

a) a tx)nd, or j • * 

b) a peptide of 1 to 5 amino adds, optionally induding a marker ammo acid, 

R^is: 

-a peptide of 3 to 1 0 amino adds 
a peptide of 3 to 10 amino adds -GPGR- is the telramer -GlyProGlyArg-; 

R5 is: 

b) a Sptide of 1 to 5 amino adds, optionally including a marker amino acid, or 

c) -NH2: 

pa is lower alkvl of l>etween one and eight caTtx)ns; ^4K^^eo 
LolJSTiJstetsof straight orbranchedd^^^ 
specS He2inV amino aL -R^ly Pro Gly Arg-R- which go towan, lom^ahon of the loop of a cydK: 

peptide, will be refen^ to as loop amino adds. 

In one embodiment of the imfenlion. the cydic peptide having the strudure: 
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Pro — Cly 
H H O Cly Arg H H O 

H-Nlo- N- C-C- X„X, XjX^X^- N- C- C- 

\«8^ — 



is prepared by cydhdng a linear peptide having the structure: 



Pro — Cly 



H K O Arg H H O 

H- X„X, Xa Xj'x^X^-K-C-C. 

' SH 

8H * 



wherein: 

-GPGR- is the tetramcr -GlyProGlyArg-; 
Xi is a constituent of selected from: 

a) serine, 

b) proline, 

c) arginine. 

d) histidine, 

e) glutanDine, which is preferred, or 
0 threonine; 

X2 is a constituent of selected from: 

a) isdeudne, which is most preferred. 

b) arginine, which is preferred, 

c) valine, or 

d) methionine: 

Xn is a constituent of R^ and is an amino add or a peptide of up to 8 amino adds; 
X3 Is a constituent of R* selected from: 

a) alanine. 

b) arginine, or 

c) valine; 

X4 is a constituent of R^ and is selected from: 

a) phenylalanine, 

b) isoleudne, 

c) valine, or 

d) leucine; 

Xm is a constituent of R^ and is an amino add or a peptide of up to 8 amino acids. 
X2 is preferably Isdeudne. 

The novel dfeulfide bonded cydic peptides used in this invention may be prepared in essentially two 
phases: First the linear peptide is synthesized on a Milligen 9050 or an ABl-431 A peptide synthesizer using 
9-tluorenyl-nDethyloxycarbonyl (Fmoc) chemistry and appropriately side-chain protected Fmoo-amino acid pen- 
tafluoro-phenyl esters as reagents or using derivatized Wang resin, Fmoc chemistry, and side-chain protected 
FnrK)c-amino add symrnetrical anhydrides, prepared in situ, as reagents. 

Second, the linear peptide is cydized, either in solution or wfth the peptide still attached to the sdid phase 
resin by incorporating cysteine residues into the linear peptide at either end of the sequence which is to form 
the loop, and oxidizing these to the disulfide. In a prefen-ed embodiment, cydization is accomplished by expos- 
ure of ttie peptide to (a) H^Oj, (b) atmospheric oxygen, (c) aqueous CH3CN containing about 0.1 • 0.5% TFA, 
or (d) about 0.1 M ferricyanide. The preferred method te exposure to atmospheric oxygen. 

Products obtained may be characterized by fast atom bombardment-rr^s speclronr>etry [FAB-MS], reverse 
phase HPLC, amino acid analysis or nudear magnetic resonance spectroscopy (NMR). 

Thus, the peptides useful in this invention may be prepared as further described below in (i) and pi): 
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L P«ntiH« Cvdizalion In the solid State: A linear peptide containing and C^on . 

Lmrr^^fe^emCiandC^arebott^ cysteine or another amino add conte.n.nfl free «^ 

r SieXin is prepared acooriing to known synthetic procedures (see discussion supra), ^the com- 

PND^iSht^comainlng side chains. (^^--SH). go toward maWng up the -R^ groups 
i^!^^e^6£cW^D^ above. An,ino adds to be lncon»orated whid, have reac 

L^id^ls (R^r^ipsT^ used in an appropriately R^n,up protected fom, For ««mple >^ne« 
J^heXrn^ Cm5. orSc protected, and arglnine is 4.nethoxy.2.3.&.trimethylph.nyl sulfbnyl m 
ted. 

Preferal)lyarBsinlspurd«sed with C^in its Acmprotededforrn already attad,ed to the red^^ 
c ?^SrI™^Wan^ Tlie cysteine incorporated atthe amino terminal side oflhe loop amino acrfs. 
cr^VS^bet^SL^^' or C« :Sy t« bound to addHiona, am.o adds. orR. respe* 
S^y^^Tm^b^uhT^d in thefbrmation Of conjugates with canter 

ad£ for subsequent amino acid analysis, such as when norleudne or ornithine is used. . ,^ ^ 

^e ^^the acetamidomethylated cysteines are reacted, at "^J^^^^'^^^J^ 
a JtZtl compatible with the resin, as a 1-50% concentration of an organic aad. preferably 0%^^ 
LT.t,^rsd^thy.om«mide(DMF,.withabouta,6ur,ddmdarexo^^ 



solvent 



ii. Cydization of Peptide In Solution: 

Essentially the same process described above for solid state cydization applies «nth two main v^rtantelf 
th. S^els deL«l (95%TTA/4% ethanedithid/1% thioanisde) from a pepsyn KA resi^acri laMe side 

?,^S^^y4^cm)^.ec«onlsused..henme,curica«^^ 
,hei°eLC^^S^ptidefh>mme;Snwith1%TFA/CHrf:i.M 

uuB. ui» K» H K K J- TPAjy*^ thioanlsole and the cydic peptide is isolated by hPLU. i ne 

E::rnirJSf^^?p^^"««-^^ 

""^^ in a particulariy preferred embodiment of this im^ention. a peptide (cPND 33) having the strudu-e 
(SEQID:1:): 

E^qie 'pys Tyr Asn Lys Arg Lys Arg He His He Gly Pro 
j\ Gly Arg AlaJ^ieJEyr Thr Thr Lys Asn 
CH2 He He Gly'^p^OH 
S- — S-CH2 

te conjugated to OMPC thmugh either the amino tem^inal Nle or one of the internal lysines to generate one or 
a mbrture of all of the stmctures: 



25 



EP 0 467 700 A2 



•-1) 



;C1^)^e»»>m*- V|Fr if* Jir« Lf» ir« ZU Ma U* mj ^« 
MOCCfB 01y Sl« XI* Jtofi Ly* thr nr l^r fiv AU Ai-f 

10 

.-2) 



f5 r_r" 



' ^lac ^ M-Jto>« Lyt Art U» HU Zl« Cly sir Irf U« Vh» 



■»a Vyr ey»-»-l>Cjn My XI* lU m% Lf ttir 



2D ♦-jj 



»C-ftr« Zl* Xl* eiy *r» Uf art Ala Tyr 

- "^^^ ■ " — ^ ~ nm «7 Xi» Xl» *iB t>» 



30 



J5 



^Li^o^wqi J ^^^^ 



Zl* ZW ttf Cy*>*-*-^ fyr ten tf* Jir« \^ 



or phammceutically acceptable salts thereof, wherein: 

j is the percentage t>y mass of peptide in the coconjugatep and is preferably t>etween 1% and 50% of the total 
protein mass in the conjugate; 
40 X is the number of moles of low molecular weight residues containing anionic substituents and is preferably 
between 1% and 90% of m. and most preferably between 10% and 50% of m; and 

m is the molar amount of reactive nudeophBic functionalitjes in the Imnujnogenic protein, PRO, prior to conju- 
gation. 

are useful for irtdudng anti-peptide immune responses in mammals, for indudng HIV-neutralizing antibodies 
45 in nnammals, for formulating vaccines to prevent HIV-disease or infection, or for treating humans afflicted with 
HlV-dlsease or infection, Induding AIDS and ARC. 
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b. Cvdic Peptides through Thioefter Unkage to o -Xytylene or Lower Alkyls: 

i Pe ptide Cvdization In the Solid State: A linear peptide containing C and on either ^ 

Lmlr^ acidsTwhem Ci and are both c ysteine or another sulfhydryl conta.rJng ammo ««d Js piepa,^ 

dooming to Imown synthetic procedures (see discussion supra). In the completed cylic PND. C and^ 

^TZ^Sln6 R^S-^tt'e PEP structure shown '^J; ^^'^ 

»^ have reactive side chains (R groups) are used in an appropriately R-gioupi)rotected form. For 

:^rh^b t^^henylmJh^ (Trt) Ucted. arginine o^y be ^^^-^^^^^^JT^?.^^^^^^^^ 

fnnvl Mtrt Dfotected rPrindples of Peptide Synthesis. Bodanszky. M.. Springer-Veilag (1984). Solid Phase 

PaT^S^Sv^ St ^>tgM..You£9. J.D-. Pierce Chemical Company (2nd. ed. 1984): and JhePe^ 

tides . Gross. E.. Meienhofer. J.. Academic Press. Inc.. (1979)]. 

Preferably aresin is punrfiased with 02 in its Acn^ected form already attached to the re^^^ 

C^rS^SbTI Acm (Privative. EiSer d or C^ may be bound to additional amino adds. « 
S^y^fcrmay be utilized in thefom«lion of conjugates with caniermoleailesorm^^ 
acids for subsequent amino add analysis, such as when norleucine or ornithine « used^ 

The sulfur^ the acetamidomethyteted cysteines Is at 
solvent compatible with the resin, sudt as 10% acetic acid in anhydrous dBT»lhylfbm«inlde (DMF). *"» abom 
^Zir^sr excess of a heavy metal salt, such as mercuric «::!^l^J>^>^r^^^^'^^ 
resuttino heavy metal thioether. for example the mercuric acetate thioether of the peptide. PEP(S-HgOAc). » 
IJ^ilSh^a'nd^.L.Additioriof excess hyd«^^^ 
sulfide (HqS). and the peptide with free sulfhydryl groups. 

A ,S of about an equ-ndar amount, as compared with peptide, of c^xylyle,|e ^^^^^^.^^^"^ 
a dibZSted or dK:hlorinated lower alley.. 1.3^ihalogenenated 

vide a desirable bridge length, is added to the derivatized resin. A large excess of tertiary amine. PreferabJ^ 
wt^Sd;^ ?n DMF ..added slowly. The -'^"-"w.th the b^ulfhy^^^em^^^^^^ 
procSd for aboutsbcteen hours at room temperatun..yiddingthebndgegrou^ 

to resin Deorotection of add sensitive side diah proteding groups and deavage from the resin ^ eved 
by^l^SSi^oaceticadd (TFA) inthe presence of 4% ^•2^!^^^^^-'' 
T^e dSdved cydic peptide may then be separated from the resin by filtration. The filtrate ««vapo.atol and 
I!r,Sr;SdS^^ is puiied by high pertom«nce liquid chranatography (HPLC) according to Icnown 
methods, for example by reverse phase HPLC. 

a. Cydization of Peptides In Solution: 

EssentiaOv the same process described above for solid state cydeation applies with two main variants: If 
me SSTte d*^edT95^A/4% ethanedith.d/1% thioan«de) from a pepsyn KA ^^nrTtittSfn 
2^in SS^ng gn>ups are also removed, induding Cys(Trt) whid, 
?howevw.C5SAcm)protedionisused.lhenmercuric8cetateftiy^ 
is required as an independent procedure, with the linear peptide eifter on or off the resJru 

The preferred method however, is the use of Cys(Acm) proted«)n and Sasnn or Pepsyn KH ^sin^^ 
deava^^ the linear, fully proteded peptide from the resin wim 1 % TFA/CH^I,. .^"^^^^^^^ 
sulphide then seledivdy converts Cys(Acm) to thefree-SH ^^•'^'^^'^'^^^^^^^^^^ 
proteded peptide. Acid labile side diain protecting groups are deaved wrth 95% TFA/4% ethanedithK«/i* 

thioanisole. and the cydic peptide is Isolated by HPLC. •^„,„,^„„„frt,p™otectina 
Removal of excess reagents, sudi as unreadedxylylenedibromide.pr«rtoaciddeavageof the protcc^^ 

grouH ~nveLuy ad^feved by. for example, a step gradient reverse phase HPLC run prior to more selec- 

SSiS'Sd peptides prepared according to the method of this subsection f ^ 
to the sample cPNDsWesentedbdow. The methodsof this subsection are generanyapplic^^^ 

L?aT,SicJariyappLbletopeptidesofbetween5and30aminoaci^^ 

b^h^en 5^ 10 aino ackls. induding the -GPG^tr^er. and this ring size Is e^ maintained by producbon 
of cydes from linear peptides having the appropriate number and combinabon ofamirw aa^. 

Representative peptides resulting from the process described in ^^^^^.^^J^"^^. 
shown below The coconjugate invention should, however, not be construed as bemg Iniited to use J^^ 
SemSunTnte of HIV cydic PND peptides. Other linear HIV PND peptide sequences may be cydized in 
eSlntoTjSl^^ Sshion^ to pro^Kie these peptides. Series of peptides having divergent pnmary sequ- 
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ences could be generated and would be beneTtcial in this Invention as long as they continue to elicit an anti- 
peptide. anti-HIV, or HIV-neutralizing immune response. 

itaro struct Of 

CPKDI B-Nl»-C-H-I-C-P-C.R-A-F-C-OH 

I B 6 ^ 



d 



c B- Ml« - C- 1 - C- P- C- P- )U r- C- OH 

I s 6 1 

I I 



6 



CPKD3 ii-ia«-c-p-x-o>R*c-p-c-B-A-r*v-T-c-on 



' ir 



6 



c. Cydization throught Amide Bond Formation: 



Novel amide bonded cyclic HIV PND peptides may be prepared for conjugation In essentially two phases: 
First, the linear peptide is prepared, for example on an ABM31A peptide synthesizer, by known solid phase 
3a peptide synthetic chemistry, for example using Fmoc chemistry and appropriately side-chain protected Fmoc- 
amino acids as reagents. 

Second, the linear peptide is deaved from the resin and cydtzed in solution by allowing the free amino 
terminus of the peptide, the free amino group of an amino terminal isoglutamine. or a free s-amino or a-amino 
group of a lysine on one side of the loop amino acids to be amide bonded to a free cartx>xyl group on the car- 
J5 boxy-terminal side of the loop amino adds through DPPA, BOP, or similar reagent mediated peptide bond for- 
mation. 

PrxKlucts obtained may be characterized by fast atom bombardment-mass spectrometry [FAB-MS], reverse 
phase HPLC, amino add analysis, or nudear magnetic resonance spectroscopy (NMR). 

Thus, highly preferred embodiments of this Invention are coconjugates having a first set of covalent lin- 
40 kages from OMPC to nrmleimidopropk)nlc add. maleimldoethanephosphonk: acid, maleimidoethanesulfonic 
add. maleimido-glutaric add, or maleimtdo-sucdnic acid, and a second set of covalent linkages from OMPC 
to an amide bonded cydic HIV PND, prepared as described hereinabove. Where the PND is from an predomi- 
nant isolate, such as the HIV HIB or the HIV MN isolate, a coconjugate vacdne, or a mixture of such coconjugate 
vaccines is highly advantageous for prophylaxis or treatment of AIDS or ARC. Examples of such prefen-ed 
45 embodiments having the structure: 
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V Jl " H H p 

^ «^ciseH,cii,cii,-i«H-c.Ph-*i^ ^ 

O C«5 o 



[, 

["■i-C-Cll-CHj-CH,.* S O R it H O 

tw.c-eN-e%>c%-i S e • ■ ■ *>, 1 



J 



OIVC 
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3 0 • 



CjTB lyr ton Lj* Ly» Art 21* Ba U» My »r« 

I 

ecjn CUf 21* 31* ton ly» Ttir Hit tyr fl» U» ftr« 



•-2) 



f5 ^wc ^C-tof Ly* to^ lU m* XI* Ujr »r* Oly to-« &U »i» 



* ^ » cwc-tof Ly» to, lu m* 

1 ii . iu i 



cr»^^.cy» Ur XI* SJ* to» ty» Ikr 



20 



25 



:-»>to« tfB ii» lyv Cy*.M.Cy« ll« SU to* I 
,~ V ■ ■ Vm loam 

30 •-«) 



B ■ 

^ 4 ^ M 



^>9-c-»-<au« •c-B>nr nr «yr ««• ^ My wr^ mt sto to« 



or pharmaceutically acceptable salts thereof, wherein: 

j is the percentage by mass of peptide in the ooconjugate, and is preferably between 1 % and 50% of the total 
40 protein niass in the conjugate; 

X is the nuniber of moles of tow molecular weight residues containing anionic substituents and is preferably 
between 1% and 90% of m. and most preferably between 10% and 50% of m; and 

m is the molar amount of reactive nudecphilic functionalities In the onmunogenic protein, PRO, prior to conju- 
gation, 

45 are useful for inducing anti-peptide immune responses in mammals, for inducing HJV-neutralizing antibodies 
in ntammals* for formulating vaccines to prevent HIV-disease or infection, or for treating humans afRtcted with 
HIV-disease or infection, including AIDS and ARC. 

The following examples are provided to more partknilariy demonstrate how to make and use the ooconju- 
gate of this invention. However, the examples provided are not to be construed so as to limit the scope of the 

50 invention. 

A. Examples of Peptide Preparations : 
EXAMPLE 1 

55 

Solution Cydizatlon to Foma cPND1: 

Anhydrous DMF (20 ml) was degassed and HPLC- isdated linear 11-mer H-NleCHIGPGRAFC-OH (20 nog, 
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17 ^mole) was dissolved and sealed under a nftrogen atmosphere. A solution of o-xylyfene dibromide (4.7 mg, 
17.9 ^lmoie) in anhydrous DMF (50 p\) was added. Next. NEta (1 1 .9 pi, SSJ2 nmde) in DMF was added ova- a 
period of at>out 6.5 hours. About one hour after complete addition of the base, the solution was dried. The resi- 
due was resuspended in ether, centrffuged to spin down the insoluble product, and then redried. An aliquot 

5 analyzed by ftist atom bombardmentHfnass spectrometiy (FAB-MS) yielded a major Ion [M+HT <rf 1275. Isoc- 
ratio reversed-phase HPLC on a N^dac C18 column (0.46 x 25.0 cm) using 0.1% TFA/24% CH3CN at 2.0 ml- 
/minute, monitored at 215 nm, showed a sharp product peak having a retention time of about 18.5 minutes. A 
preparative scale isolation was run over 135 minutes at 10 ml/minute from 24-29% CMsCN. and the product 
with a retention time of 76.41 minutes under these conditions was collected and rechronnatographed under 

10 analytical conditions to confimrt its identity. Amino add analysis and 400 MHz NMR analyses were consistent 
with the structure cPNDI: 

H- Nl • - C - H- 1 - C- P- ». A- r. C - OH 



IS 



20 



35 



40 



45 



50 
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I i 
H3C CH3 
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EXAMPLE 2 

Solution Cydization to Fomi cPNDZ 

25 The procedure described In Example 1 was followed except that the linear 10-mer H-Nle-CIGPGRAFC-OH 
(20 mg. 19.3 ^mole) was used. After the addition of base, the solution was kept under nitrogen for an additional 
9 hours. FAB-MS yielded [M+Hf = 1 138 and [M+Naf = 1 1 60, consistent with the structure proposed for cPND2. 
Preparath^e HPLC using two 2.12 x 25 cm Vydac CI 8 columns was conducted over 90 minutes from 24% to 
28 % CH3CN/0.I % TFA, at 1 0 ml/minute. The eluate was monitored at 21 5 nm and two product peaks at reten- 

30 tion times of 63,42* and 70.82' were collected, dried, and sujected to FAB-MS. Both materials had [M+Hr of 
1 138, (the later peak also had a JM+Naf of 1160) which is consistent with the structure cPND2: 



H-Nl©"C-I-C-P-C-R-A-r-C-C3H 

I s s 1 

I I 

HjC CH2 



EXAMPLES 

Sdutton Cydization to Form cPND3: 

The sarrte procedure used in Examples 1 and 2 was employed here except that the linear isomer H-NIe- 
CRIQRGPGRAFVTC-OH (21.2 mg. 11.92 jimole) was used, and NEt, was added over about 10 hours. An 
addittonal 5-hour exposure to base was permitted prior to analysis by analytical HPLC. FAB-MS of the crude 
product showed a single intense {M+HT of 1779 which is consistent with the structure of cPND3: 

H- Hl« - C - »- 1 - 0- »- 0- P- 0- »- A- F- V- T- C- OH 

I E 6 ' 

I 



6 
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EXAMPLE 4 

Solid State Cydization to Focm cPND1: 

A Rnear PND peptide was prepared on Wang resin on an ABU31 A peptWe synthesizer, starting from Fnnoc- 
L-Cys(Acfn)-0-Wang resin (0.61 nwq/gram). Fmoc chemislry and Fmoc-amino add symmetrica! anhydrides 
(4x excess, prepared in situ) were used as reagents on a 0.25 mmole scale to generate 745 mg of the peptide: 

Acm vtr 
Fncc- Klo-C- H-I- C- P-C- R- A- r-C-O- Vihrtg- FM Irv 
TTt Acm 

Hg(OAC)2 (64 mg, 0.2 mmole) was dissohred in 10% acetic add In DMF (0,5 ml) and added to the dried 
re^n (149 mg. 0.05 meq) shown al>ove. More 10% acetic acid in DMF (0.2 mJ) was added to the swollen resin, 
and the solution was stinred overnight Thereafter the resin was filtered, washed with DMF (5x1 ml), CH2CI2 
(3 X 1 ml), and ether (3x2 ml). Sul>sequently. the resin was dried and 1 ml HjS saturated DMF was added, 
followed by a second aliquot of the same. The resin was then fBtered and washed as above and then dried, 
yielding a black resinous powder (179 mg). 

A mfacture of o-xylylene dibromide (3.2 mg) and NE^ (3.4 jil) in DMF(2 ml) was added to the resin (35 mg) 
at room temperature, and allowed to react for 16 hours. The resin was filtered, washed as above, and dried. 
The Fmoc was renrwved by treatment with 20% piperidine in DMF (1 ml) over 20 minutes at room temperature. 
The resin was washed again as above, and dried. 

The cPNDI peptide was d saved firom the resin, and Trt and Mtr protecting groups concomitantly removed, 
by treating with 95% TFA/4% ethane dithiol/1% thioanfeole (1 ml) at room temperature over 6 hours. The sol- 
ution was filtered, the resin washed with additior^l 100% TFA (3 x 1 ml), and the combined filtrate was evapo- 
rated at 20*»C/0.1 mm pressure. Material that was insoluble in ether was removed by extraction (3x2 ml) and 
the Insoluble crude product was redried at 20^C/0. 1 mm pressure. 

Arwilytical HPLC using a 0.46 x 25 cm Vydac CI 8 column was used to identify the product Comparison 
with the product obtained from Example 1 confirmed that authentic product was present(retentiontinne of 12.88' 
as compared with 12.97'). Preparative HPLC was conducted over 90 minutes from 25% to 30% CH3CN/0.1% 
TFA at 1 0 ml/minute us&>g two 2.1 2 x 25 cm Vydac CI 8 columns in series. The peak eluting at 54.1 Z was col- 
lected. Co-chromatography, on an analytical scale, of this material with material prepared in Example 1 showed 
a single sharp peak. FAB-MS had a [M+Hf of 1275, confffming the preparatton of cPNDI (see Example 1 above 
for structure). 

EXAMPLE 5 

Solid State Synthesis of Disulfide-Bonded cPND4: 

A linear PND peptide was prepared on Wang resin using an ABI-431 A peptide synthesizer, starting from 
Fmo&4.-Cys(Acm)-0-Wang resin (0.61 meq/gram). Fmoc chemistry and Fmoc-Amino Acid symmetrical anhyd- 
rides (4X excess, prepared in situ) were used as reagents on a 0.25 mrTx>Ie scale to generate 745 mg of the 
peptide: 

Acm htr 
Fm>c- NI©-C-H-I-C- G- A- F-C-O- Vhrig-res in. 

irt Acm ' 

A solution of iodine in 5% methanol/anhydrous DMF (1 ml) was added to the dried, derivatized Wang resin 
shown above and stirred at room temperature for 4 hours. The resin was filtered, washed with anhydrous DMF 
(5x2 ml), and finally resuspended in DMF (2 ml). Two drops of a 0.1 M solution of sodium Ihiosulphate In water 
were added, and stirred for a few seconcte. The resin was washed with aqueous 95% DMF (3x2 ml), anhydrous 
DMF (2 ml), methylene chloride (3x2 ml), ether (3x2 ml) and dried. 

The Fmoc and other protecting groups were removed by treatment with 20% piperidine in DMF over 20 
minutes, and the resin was washed and dried. The resin was cleaved from the disulfide bonded cyclic peptide 
by treatment with 95% TFA/4% ethane dithiol/1% thioanlsole (1 ml) at room temperature for 6 hours. The sol- 
utton was filtered, the resin washed with additional 1 00% TFA (3 x 1 ml), and the combir^ed fBtrate dried. Material 
that was insoluble in ether was renrwved by extraction (3 x 2 ml) and the solution redried. 
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with the product obtained from preparative HPLC. FAB-MS gave a pw+rir on i r i . w 
the disulfide bonded cyclic structure cPND4: 



H- Nle- cm GPGRAFC- COOH 



EXAMPl£S^> 

1. SYNTHESIS OF: 



H-Nle Cys 


Tyr 


Asn 


LyB 


Arg 


Lys 


Arg 


lie 


Ei6 


He 


Gly 


Pro 


Gly 


Arg 


Ala 


Phe 


Tyr 


Thr 


Thr 


Lys 


Asn 


He 


He 


Gly 


Cye- 


-OH 







30445, which correlates with the calculated mass. 

2. PREPARATION OF THE CYCL in DISULFIDE: (SEQ IP: 1:) 

H-Nle CyB Tyr Asn Lys Arg Lys Arg He His He Gly Pro 

Gly Arg Ala Phe Tyr Thr Thr Lys Asn 

CH2 lie lie Gly Cys-OH 
S S CH2 



a. K aFe(CN), INDUCED OXIDATION: 
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was covered with an atmosphere of nitrogen. An aliquot of the PDaterial was inrunediately mn on analytical 
reverse phase HPLC and found to be underpoing oxidation as evidenced by the appearance of an early peak. 

With magneh'c stirring, a freshly prepared solution of 0.01 M KaFeCCKOe was added by power driven 
hypodermic syringe at 23'C under nitrogen. Analysis of a small aliquot by HPLC revealed total conversion of 
5 starting matenal to an earlier elution tinr». The reaction mixture (pH 8.3) was mixed with 10% aqueous acetic 
add and stirred to give a pH of 4.0. The solution was filtered to remove insoluble matenal, and the faintly yellow 
solution was evaporated and then lyoph9ized to give about 27.9 mg of a pale yellow powder. The nr^terial was 
dissdved in 0.1% TFA. 20% CH3CN and gradient eluted on a preparative HPLC. A major early eluting peak 
and a later eluting peak (4:1) were separately collected, lyophBized to yield 6. 1 mg of the early and 1 .5 ntg on 
10 the late eluting materials. FAB-MS analysis of the early eluting material: [M+Hf 301 9.7; [M+Naf 3024.5; FAB- 
MS analysis of the late eluting material: [M+HT 3021 .0; [M+Naf early materia! = 3041.5; all of which con^ 
ponds to the conect mass for the cydized cPND33. The later eluting material is the D-cysteine isomer. 

Anrtino add analysis of the product gave the predk:ted amino add composftions for the cydized products 
and conftrmed that the later eluting material is the D-cytetne containing diastereomer. 

15 

b. AIR OXIDATION 

The linear 26 mer prepared In (1) above (86 mg, 28.4 >iiru)les) was dissolved in aqueous 0.1% TFA, 20% 
acetonitrile (284 mL) at 23^0 and the sdutk>n was allowed to stand open to the air. Cydization was monftored 

20 by reverse phase HPLC and the sample was found to be almost completely converted to the early eluting ma- 
terial, with almost complete dissappearance of starting linear material, by t = 24 hours. The dear, cdoriess sol- 
utk>n was evaporated to about 8 mL at whk^h point an additional 10 mg sample prepared in the same way as 
the 86 mg, was added. The combined sample was evaporated to about 9 mL The doudy colorless sokjtion 
was subjected to HPLC separation, in two separate runs, on two 2J21 x 25.0 cm Vydac Cts cdumns In series. 

25 Two peaks of material were separately collected, an early eluting peak and a later eluting peak. Each peak 
was separately evaporated and lyophSized to yield 30.1 mg and 9.7 mg of the eariy and late mateirals respect- 
ively. The eariy eluting material was combined with other preparatk>ns of eariy eluting cydized material to yield 
a total of 47.5 mg of a faintly Wush fluffy powder. Analytical HPLC of this material gave a single peak. 

30 EXAMPLE 6 

Sdution Synthesis of Peptide Bonded cPND7: 

The linear peptide Cbz-Nle-Lys(Boc)-His(Trt>-lle-Gly-Pro-Gly-Arg{Mtr>-Ala-Phe was synthesized following 
35 sdid-phase methods on an ABI 431 A peptide synthesizer using 373 milligrams (0.1 mmdes) of commercially 
available Fmoc-Phenylalanyl-p- alkoxybenzyl dcohol resin. With the exception of norieucine, which was purch- 
ased in the benzyloxycart)onyl (Cbz) protected form, L-amino ackls used were the fhK>renylmethoxycart>onyl 
(FrrKx;) derivatives having the appropriate add-labfle sWe chain protecting groups. The pdypeptide-derlvatized 
resin product was transferred to a sintered glass funnel, washed with dk:Noronnethane. and dried, to yield 0.6 
40 g of pdypeptidenresin producL 

The peptide was deaved firom the resin by treatment with 6 nrtl of a 95:2:3 mbcture of TFA:1.2 
ethanediol:anisde for 16 hours. The reaction mixture was filtered through a sintered glass funnel, the resin 
washed with 10 ml TFA. and the filtrates combined. Fdtowing concentration to about 1 to 2 ml of yellow oil, 
the linear peptide was recovered by trituration with 400 rrA of diethyl ether, in 50 ml portions, ar>d fatratk>n on 
45 a sintered glass funnel. Dissolution with 100 ml 1% TFA followed by lyophilization yielded 298 mg of linear pep- 
tide. 

The peptide powder was dissdved in 800 ml DMF. neutralized with 0.42 ml diisopropyfethylamine, and 
treated with 0.077 ml diphenylphosphoryiazide. The solution was stirred in the daric for 70 hours at 4*^ to allow 
fonnation of the cydic lactam. After quenching by addition of 3 ml glacial acetk; add, the reaction mixture was 
50 concentrated to atxHJt 1 to 2 ml of o3. dissolved in 10% aqueous acetic add, and lyophiized. 

The cydic peptide was purified by G-15 size exdusion chromatography using 5% acetic add as the nrwbile 
phase. Fractions, monitored by UV detection, containing the peptide were pooled and lyophilized to yield 135 
mg of dry cydic peptide. All results obtained were consistent with the structure cPND7: 

55 
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O H 

Z- Nle- C- N- KHI CPCR AF 

CHj ,C=0 



which may also be represented as: 



Z-N1©-KHIGPGRAF 
I I 

(.>V 

H 



EXAMPLE? 



DepfPtection of cPND7 to yield the hydrogen fbnm. cPNDB: 

Deprotection of cPND7 was achieved by dissolving the cyclic peptide in 20 ml of 30% aqueous acetic acid 
and hydrogenation at 40 psi for 16 hours over 100 mg of 10% palladium on carbon. The reaction mixture was 
filtered over celite to remove the catalyst, and the filtrate was lyophilized. Reverse phase HPLC using a V)fd3C 
C18 semi-prep column was utilized to obtain 8.5 mg of pure depmtected cydic peptide. TTiis "method of depro^ 
tection is applicable to an peptides synthesized as the benzyloxycarbonyl N-proteded peptide to yield the free 
hydrogen form of the peptide which may now be activated at the amino temiinus In preparation for conjugaboru 
Tliesfruclure of ttie product was confimied by FAB^S. a^ 
were consistent wfth ttie structure cPND8: 

o K 

H- Kl# - C- N- KHI CPCRAT 



wich may also represented as : 



H-Nl*-KKICFCRlkF 
f.lN Cs© 



EXAMPLES 



Synthesis of cPNPIO: 

The synthesis of cPNDIO. having an Acm protected Ac-cysteine at the peptide amino-tennlnus. is identical 
to the procedure used in Example 1. except that the synthesis here included an Fmoc^orieudne. ra^er than 
the Z-Nle. and the additional amino acid. Ac^Acm) was used as the N-temlnal amino acid Thus, the linear 
peptide Ac^ys(Acm).NIe^.ys<Boc)41is(Trt).|le^ly-Pro-Gly-Arg(Mtr).AIa-Phe. was assembled f'^JjT^' 
cially available Fmoc-NIe. and Fmoc-Cys(Acm). This modincation of the Example 1 procedure is applicable to 
the synthesis of other cPND peptides where an N-tem»lnal Ac-Cys(Acm) is desirable. 

EXAMPLES 

Deprotection of cPNDIO to yield cPND9: 

The Acm protected Ac-Cys(Acm) may be converted to the free Ac-Cys-SH (free suMhydryl) form of the pep- 
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tide according to the procedure described in Atherton, E. et al., Chem. Soc Perkin Trans., 1, 2057 (1985). This 
procedure Is applicable to reiTtova] of Acm thiol protection of peptides in preparation for conjugation with a 
thiophilic agent, such as bromoacetytated or maleimidated proteins or polysaccharides. A portion of cPNDIO 
was dissolved in 10% aqueous acetic add and treated with mercuric trifluoroacetate (10-fold excess). The pK 
was readjusted to 4 and the solution was stirred at room temperature whBe cleavage of the S-Acm groups was 
monitored by reverse-phase HPLC. When the reaction was judged completem, the solution was saturated with 
hydrogen sulfid gas. The mercury(ll) sulfid predpitate was removed by centrufugation, and cPND9 was purified 
by RP-HPLC. The structure and purity of cPND9 was confirmed by FAB-MS, analytical HPLC. and amino acid 
analysis. 

EXAMPLES 7-26 

cPND Peptides Synthesized According to the Methods of Examples 6-9 and 19-20: 

The procedures established above in Examples 6-9 and below in Examples 25-26 for the synthesis of 
cPND7, cPND8. cPND9, cPNDIO, cPND31, and cPND32 respectively were applied, without any substantial 
modification, aside from changes in the peptide prinnary sequence and indusion of appropriate protecting 
groups. In the synthesis of the cydic form of synthetic PND peptides from rr^ny different isolates. Thus, all of 
the fr>Bowing peptides, synthesized according to these methods, may be M-terminal deprotected as necessary, 
and conjugated through -r- to form the conjugates of this invention: 



7) cPNX3e K-KX«*KKICPCSAF 

II 1077 

H 

B) CPNDIO Ac-Cy8(Acn$-Nl«-KHICFCRAF 

crO 1293 

H 



9) CPOT9 Ac-Cy»-Nlv-KKrCPCRAr 

C«)N Csso 1223 

H 



10) cPWmi 



11) CPNDIZ 



12) CPND13 Z-N1«-KCPCRAF 

I I 

C«>N CaO 

H 




1074 



827 



961 



1211 



13) CFND14 Z-Nl»-kKtCPCRAr 

(•> N 

I 

H 

1 4) cPHDI 5 H- NI»-KOROP(»UUr 

(•3H C=0 ^'^^^ 

I 

H 
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15) CPHD16 2-Nl»-KSICPCKAF • ^^^^ 

(ON C=0 

I 

H 



16) CPNMI 



K-Nle-KPGPCMF 
( I 
I 

H 



9B3 



17) CPND23 



Z-Kle-KKICPCRA 
1 t 
(«) Vr 

H 



1063 



IB) 



Z-Nlo-K(^PCRA 
I I 

H 



1098 



19) cPNUS H-N1©-KICPCRA 

C«) N C=0 

K 
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Ex. • Narre Structure 



B14 

20) CPND26 Z-Kle-KGPGRA 

I I 
(•>N c=o 

H 

21) CPND27 H-Nlo-KHICPGRAf . ^^'^^ 

t I 
f'>N C=0 

H 

22) cPND2e Z-Nle-KQRCPCRAf . 1245 

I I 

CON C=0 

H 

23) CPND2Q 2-Nlo-KHICPCRAFv , ,3,0 

I I 
CON C=0 

H 

24) CPND30 Z-Nlo-KHICPCRVF , 1257 

\ I 

(•> N C=0 

H 



H 

25) CPND31 H-NlG-N-KHICPCRAF , 

CO » I 



1204 



H 

26) CPND32 H-Nlo-N-KORGPCRAF , i23B 

H O ,RNOC H 

EXAMPLE 25 
Synthesis of cPND31: 

Two grams (0.6 meq/gram) of Fmoc-Phe -Wang resin was loaded on an ABl 431 A synthesizer. Fnrxx: single 
coupling protocols were used to add Fmoc-Ala, Fmoc-ArgfTos), Fmoc-pn>» Fmoc-lle, Frnoc-His(Trt), Boc-Lys- 
(Fmoc). and Cbz-Nle to produce 3.7 grams of linear peptide resin having the sequence: 
Boc4.ys(NKZ-^le)-His{Trt)-lle-Gly-Pro-Gty-Arg(Tos)-Ala^Phe. 

The peptide was cleaved from the resin by treating with 95% TFA, 5% water for two hours. The resin was 
rerDOved by filtration, the TFA renf)Oved from the filtrate by evaporation in vacuo , and the residue was triturated 
^th diethyl ether. The precipitate was recovered by filtration and drying to yield 1.7 grams of linear peptide 
having the sequence; 

KHysCN'-Z-h^e^His-lle-Gly-Pro-Gly-Argrros^Ala-phe. 
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The peptide was treated with Boc-isoglutamine-ONp (0.71 grams, 2 nmoles J and DIEA (0.35 ml. 2 mmoles) 
in DMF (10 mf) overnight at room temperature. The DMF was evaporated, and the residue treated with diethyl 
ether. The precipitate was recovered by filtration and washed with ethyl acetate. The dried peptide (1.9 grams) 
was treated with TFA (1 00 ml) for 0.5 hours. The TFA was evaporated in vacuo , the residue triturated with diethyl 
ether and the precipitate was recovered by filtration and dried. 

The peptide was desalted on Sephadex G-10 in 10% aqueous acetic add as the eluent Peptide fractions 
were lyophflized to yield 12 grarr© (0.79 mmoles) of: 
H-isoGln-Lys(N«-Z-Nle)-Hte-lle-Gly- Pro-Gly^(Tos)nAla-Phe 

Two batches (0.55 gm. 0.36 mmoles) of the peptide were separately dissolved in 1000 mL Ice cold DMF 
and DIEA (0.16 mU 0.9 mmoles) and DPPA (0.12 mL were added and the solutions were stirred overnight at 
ro(Hn temperature. The DMF was evaporated in vacuo, and the residues combined and solubtlized in CHCI3. 
The organic fraction was washed v«th 5% aqueous dtric acid, then dried over MgSo4 and evaporated to yield 
0.78 gm of crude cydic peptide. This nrwterial was treated vwth liquid HF (10 mL) containing anisde (1 mL) for 
two hours at O'C. The HF was evaporated and the residue was purified by graidien elution on reveresed pt^se 
HPLC (Vydac C-1 8. 0-50% CH3CN, over 50 minutes using 0.1 % aqueous TFA as the buffer) to give 250 mg 
of pure CPND31 (M+H=1204). 

H H O 
H- Nle- N-C- HIGPGRAF 

hncch2CK2(:hnc=o 

^'^O 2HNOC H 

EXAMPLE 26 
Synthesis of cPND32: 

Essentially the same procedure used in Example 25 for synthesis of cPND 31 was employed here except 
that the linear peptide that was cydized had the sequence: 

HHSoGln^-ys(hKZ-Nle)-Gln-Arg(Tos)-Gly-Pro-(ay-Arg(Tos)n^ to generate cPND32 having the struc- 
ture: 

H H O 
H- NlG-N-C-C- HIGPGRT^ 

^•^ HNCCHjCHjCHNC^O 
^•"^ O 2HNOC H 

EXAMPLE 27 

Preparation of Maleimidoethane Phosphonic Add. (MEPA): 

Ethoxy carbony! maleimide, 169 mg, was added to 2-aminoethyl phosphonic acid. 125 n>g, and sodium 
carbonate, 106 mg, in 1 ml of water at OX. The mixture was stirred for 20 minutes, then 4 ml of water was 
added and the mixture was stirred at room temperatw^e for 1 hr. The solution viBS acidified to pH 5.5 with dilute 
sulfuric add and concentrated in vacuo to 1 ml. The product was isolated by chromatography on three 1000 |i 
reverse-phase TLC plates developed in water. Four bands were noted on examination of the developed plates 
under U.V. light The third band at 15-16.7 cm from the origin was isdated; 100 mg of nraleimidoethane phos- 
phonic acid-sodium salt was recovered as an amorphous powder. The 200 MHZ NMR spectrum in D2O showed 
the maleimide hydrogens as a singlet at 7.2 ppm and the ethylene hydrogens as multiplets at 4.0 and 2.2 ppm. 

EXAMPLE 28 

Preparation of Maleimidoethane Sulfonic Add, (MESA): 

Using the reaction conditions of Example 27 but substituting 123 mg. taurine. In place of the 2-aminoethane 
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phosphonic acid, the sodium salt of maleimidoethanesutfontc acid is recovered by TLC and lyophflization, as 
an amorphous powder. 

EXAMPLE 29 

Preparation of Malelmido-Succinic and Maleimido-Glutaric Add: 

Sut)stituting 1 33 mg, asparttc acid, or 1 57 mg glutamic add, for amrnonethane phosphonic add in Example 
27 gives the sodium salts of maleimido-sucdnic and 2-maleimido ghitaric acid respectively. 

B. Examples of Intefmediate Activation and Coconjugate Fomation: 

EXAMPLE 30 

Preparation of OMPC-SH: 

10 mililiters of OMPC (3.2 mg/mQ was centnfuged. at 43,000 ram. 4<'C for 2 hours. The OMPC pellet was 
resuspended in 8 ml of thidating sdution (prepared by mixing 85 mg EDTA, 17 mg DTT, and 46 mg N-acetyl 
homocysteine thiolactone in 10 nr>l of pH 1 1 borate buffer). The thiolation reation was allowed to proceed at 
room temperature overnight, and the solution was then centrifuged at 43,000 rpm, 4*^C for 2 hours. The OMPC- 
SH was resuspended in 10 ml of 0.01 M. pH 8 phosphate buffer, recentrifuged, and resuspended in 9.3 ml of 
0.01 M, pH 8 phosphate Iniffer. An Olman assay indicated a sutfhydryl titer of 0.496 lundesAnl. 

EXAMPLE 31 

Preparation of MaleimldoPropionyl-cPND15: 

10 miHigranr^ of cPND15 trifluoroacetate salt was dissolved in 0.3 ml of a 1:2 mixture of H20:MeCN. The 
sdution was coded in an Ice bath and then 100 ^L of 0.345 M NaHCOa sdution, fdlowed by 3.5 n\g of nDaleimi- 
doproplonic add N-hydroxysucdnimide ester, was added. The reaction was allowed to proceed with stirring 
for one hour, fdlowed by quenching with 3 ^L of trifiuroacetic add. The reaction mbcture was filtered through 
a 0.2 micron filter, and the filter was washed w^ 0.2 ml of water. The combined filtrates were injected onto a 
2.15 X 25 cm Vydac CIS reverse phase cdumn. The odumn was eluted isocrattcally for 10 minutes at a flow 
rate of 10 mlAnin. with 25% MeCWO.1% TFA, fdlowed by gradient elution from 25 to 40% MeCNA).1% TFA, 
over 20 minutes. The product eluting between 20 and 32 min was concentrated and lyophilized. yielding 7 mg 
of the trifluoroacetate salt of maleimidopropionyl-cPND15 as a white amorphous powder. FAB-MS revealed a 
major ion (M-i-H) at 1262. Titration for malelmlde by Ellman assay quenching gave a concentration of 0.54 
limdes per mg of the maletmidopfopionyl^PND15. 

EXAMPLE 32 

Preparation of Malelmidopropionyl-cPND31: 

Fdlowing the procedure of Example 31. 37.6 mg of the trifluoroacetate salt of cPND31 was reacted with 
8.3 mg of maleimidoproptonyl h4-hydroxysucdnlmide ester in 0.4 ml of a 0.322 M NaHCO) solution and 1 .2 ml 
of 1:2 HjOiMeCN. fdlowed by quenching with 10.5 ^1 of TFA. Preparative HPLC (30% MeCN/0.1% TFA isoo- 
ratic for 10 minutes followed by gradient elution from 30-50% MeCN over 5 min gave a product peak eluting 
between 1 8-25 min. The lyophBized product weighed 26 mg, and the maleimide titer was 0.57 ytWrng. FAB-MS 
gave a major ion (M-^H) at 1356. Amino add analysis gave Nle=460. p-a!anine^20 and Lys=460 nmoles/mg. 
NMR analysis gave a singlet at 6.93 ppm (maleimide H). 

EXAMPLE 33 

Preparation of Maleinoproplonyi-cPND8 

Fdlowing the procedure of Example 31. 3.5 mg of cPND8 trifluoroacetate salt was reacted with 1.5 mg of 
maleimidoproptonyl (N-Hydroxy) sucdnimide in 0.24 ml of a 1:2 nog H30:MeCN sdution, to which 0.12 ml of a 
0.175M KlaHCO) solution was added. 2.6 mg of maIdnf>idopropionyl-cPND8 was recovered and subjected to 
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preparative HPLC (30% MeCN/0.1% TFA isocratic for 10 minutes followed by gradient elution from 30-50% 
MeCN over 10 minutes). The peak eluting l)etween 22.5-30 minutes was collected, concentrated and 
lyophOized. FAB-MS: M+H at 1228, M-^Na at 1250. NMR (DjO) maleimide hydrogen at 6.85 ppm. 

5 EXAMPLE 34 

Preparation of Maleimidopropionyl-cPND32: 

FoOowing the procedure of example 5, ten mflligrams of cPND32 trifluoroacetate salt are dissolved in 0.3 
10 rrt of a 1:2 mixture of H20:MeCN. 0.1 ml of a 0.35M NaHCOa. solution. 3.2 mg of maleimidopropionyloxysuc- 
cinimide are added to give the maleimidopropionyl-cPND32 trifluoroacetate salt The peptide is Isolated by 
preparative HPLC using gradient elution from 25 to 40% MeCN in 0.1% TFA. 

EXAMPLE 35 

15 

Conjugation of OMPC-SH with maleimidoprDpionyl-cPND15 and Maleinido Propionic Acid (MPA): 

OMPC (10 ml of a 3.2 mg/ml solution) was thiolated according to Example 30. giving a solution containing 
0.496 ^M SH per ml. In a separate tube a solution of approximately 4 mg of MPA in 3 ml of water was prepared 

20 and titrated. The maleimido content was found to be 8.38 ^M/mI. The MPP-cPND15 (7 mg) from Example 31 
was dissolved in 0.8 ml of water and titrated to give a maleimido content of 3.84 ^iM/ml. 

172 ^il (0.4 eq) of MPA solution was added to the OMPC-SH solution (7 ml) in a centrifuge tube, under a 
nitrogen atmosphere, with gentle swirling. The mixture was allowed to react at room temperature for 10 min., 
then 540 ^1 (0.6 eq.) of male imidoproptonyt-cPND 15 solution was added. The mixture was stoppered, allowed 

25 to stand for one hour, and then centrifuged (1000 RPM for 1 min.). The supernatant was dialyzed (12,000- 
1 4,000 m. wt cut- off) against 4 L pH 7.5, 0.01 M phosp hate buffer. The dialysis was continued for an additional 
8 hours with fresh buffer. The mixture was transferred to a stoppered vial and stored in the refr^erator. Lowry 
protein assay indicated the presence of 2.82 mg cooonjugate protein per ml, and amino acid analysis showed 
the presence of 271 nmoles norieudne/ml. Using a molecular weight of 1.111 mg per nanomole, the peptide 

30 loading was calculated to be 1 0.7%. The overall yield (i.e. protein recovery) was about 80%. The excess MPP- 
cPNDI 5 solution not used in the reaction was recovered by lyophflization. 

EXAMPLE 36 

35 Preparation of Maleimidobutvryi-cPND31. (MBP-cPND31}: 

Following the procedure of Example 31. 10.6 milligrams of cPND31 trifluoroacetate salt was dissolved in 
a solution composed of 0.45 ml 1:2 watenMeCN. and 0.15 ml of 0.25 M NaHCOj. y-Maleimidobutyric acid N- 
hydroxysucdnimide ester (4.3 mg) was added and the mixture was stirred at 0*C for one hour. The reaction 
40 was quenched with 3 ^1 of trifluoroacetic acid, and the peptide was isolated by preparative HPLC: 30% 
MeCN/1% TFA isocratic elution for 10 minutes, followed by a gradeint from 30-50% MeCN over 10 minutes. A 
peak at 21 .2 to 25 minutes was collected, concentrated and lyophilized to give 3.8 mg of white powder. FAB-MS 
revealed a M+H of 1369. 

45 EXAMPLE 37 

Conjugation of OMPC-SH with Maleimidopfopionyl-cPND31 and Maieimidopropionic Acid: Determination of 
Optimum MPA:Maieimidopropionic peptide (MPP) ratio: 

50 Decreasing fractional amounts of nrwleimidopropionic acid (MPA) were added to six tubes containing 

OMPC-SH (0.59 ^M SH/mf) in pH 8, OIM phosphate buffer. After 10 minutes, excess maleinnido propionyl- 
cPND31 was added to each tube to react with residual SH groups. After 1 hr. the tubes were centrifuged (1000 
RPM, 1 min.) and the optical density of the supematant in each tube determined at a wavelength of 275 nm. 
Dense precipitation was observed in lubes 4-6. The supernatant from tubes 1-3 were dialyzed against 4 liters 

55 of 0.01 M pH 8 phosphate buffer, and the solutions were then analyzed: 
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Tube # 


1 


2 


3 


4 


5 


6 


TL MPA 


67 


50 


33 


25 


17 


10 


Absorbance 


4.05 


3.9 


6 


0.4 


0.11 


05 


(275 nm). 














Lowry protein. 














(mg/mi) 


2.15 


1.95 


2.4 


ND^ 


ND 


ND 


AA assay (Nle)^ 


63.6 


78.6 


157 


NT 


ND 


ND 


Peptide loading^ 


3. 51 


4.8% 


7.97; 


ND 


ND 


ND 



1. ND = not determined 

2. nrooles/ml 

3. mg peptide (from Nle)/mg total protein 

EXAMPLE 38 

Conjugaison of OMPC-SH with MPP-cPND31 and Maleimidophosphonic Acid (MEPA): 

An aliquot of OMPC-SH suspension, prepared by the method of Example 30. (2 ml having 0.587 ^M SH/m!) 
was charged to each of two centrifuge tubes. 103 ^ (3.73 mM maleimide/ml, 0.33 eq) of MEPA was added to 
lube #1, and 78.6 ^I (0.25 eq) was added to tube #2. After 15 minutes, the MPP-cPND31 , 3.22 ^M malelmide/ml 
was added to each tube (212 ^1 to #1 and 238 ^l to #2). No precipitate was observed in either tube after one 
hour. After dialysis against 0.01 M» pH 8 phosphate buffer, the solution was recovered from each tube, and 
analyzed: 



AU/275 7.5 8,2 

Lowry Protein, mg/ml 2.34 2.52 

NIC, nM/ml 183 250 

Peptide Loading, "j" 9.4a 12. 3Z 



EXAMPLE 39 

Conjugation of OMPC-SH with MPP-cPND8 and Maleimidopropionic acid (MPA): 

Following the procedure of Example 35. an aqueous solution of MPA (476ul. 4.36 uM maleimide/ml. 0.4eq) 
was added to a suspension of OPMC-SH (8.4 ml. 0.62uM SD/ml) followed by MPP-cPND32 (560uL, 5.58uM 
nnaleimide/ml. 0.6eq). After reaction according to Example 35, 9.0 ml of suspension was obtained having: 
AU/275 =6.9; Lowry protein = 2mg/m[; NIe = 275 nM/ml, Peptide loading = 14.89%. 

EXAMPLE 40 

Conjugaison of OMPC-SH with MPP-cPND32 and with MPA : 

To a suspension of OMPC-SD (9ml. 600^M SH/ml) prepared according to Example 30 is added a solution 
of MPA (392ul. 5.5jiM maleimide 0.4 eq). After 10 minutes a solution of MPP-cPND 32(704, jil, 4.6 ^im 
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maleimWe/ml, 0.6eq) is added and the mbcture allowed to react for one hour at room temperature. The reaction 
is then centrfuged (1000 RPM. 1 min) and the supernatant dialized against 41 pH 7.5, 0.1M phosphate buffer. 
The post-dialysis suspension containing the coconjugate is recovered and stored at 4**C. 

5 EXAMPLE 41 

Conjugation of OMPC-SH with MBP-cPND31 and MP A: 

Following the procedure example 35 an aqueous solution of MPA (0.4eq) Is added to a suspension of 
10 OMPC-SH followed l>y a solution of maleimidobutyryl cPND31(0.6eq). The product is purified by dialysis vs pH 
8. 0.01 M phosphate buffer and recovered as a suspension. 

EXAMPLE 42 

75 Preparation of Maleimidopropionyl-OMPC (MP-OMPC) : 

10 ml of OMPC(3.2ng/nl) is centrifuged at 43.000RPM. at 4»C for 2 hours and the pellet resuspended 
in 8ml of a cooled solution of 1 .6mg sodium bicarbonate in 1 : 1 HjOiMeCN. Maleimidopropionyl N-Hydroxy suc- 
cinimide (2.6mg) is added and the mixture is agitated for 1 hour on ice, 2ml of 0.1 M pH6 phosphate buffer is 
20 added and the mixture is centrifuged at 43.000 RPM and 4«C for 2 hours. The maleimidated OMPC is resus- 
pended in 0.01 M pH 7 buffer, recentrifuged and resuspended in pH8 0.1 M phosphate buffer. The maleimtdo 
content is determined by reaction of an aliquot with a knovm quantity of a N-acetylcysteine follovi^ed by Ellman 
assay. 

25 EXAMPLE 43 

Reaction of Maieimidopropionyt-OMPC with Thidacetic acid fTAA) and cPNP9-SH: 

To a suspension of maleimkJopropionyl-OMPC prepared by the method of Example 42 (8ml, 0.6uM 
30 maleimlde/ml) is added an aqueous solution of TAA (1 92^1, 10nmolesSH/ml. 0.4 eq) with vigorous aggitation. 
After 10 minutes cPND9 (720ul, 0.4uM SH/ml, 0.6 eq) Is added and the mixhjre aflowed to stand at room tem- 
perature for one hour. The mixture is centrifuged (1000 RPM, Imin) and the supernatant is dialyzed for 18 hours 
vs. 4 L of pH 7.5, 0.01 M phosphate buffer. The dialysis is continued for an additional 8 hours with fresh buffer 
and the dialysis suspension is recovered and stored at 4'»C. Amino acid, and Lowry protein analyses allowing 
55 quantitation of peptide loading. 

EXAMPLE 44 

Preparation of Thiolated SuccinoyI OMPC: 

40 

1 0 ml of OMPC (3.2 mg/ml) is centrifuged at 43,000 RPM and 4*C for 2 hours and the OMPC pellet is resus- 
pended in 6.3 ml of pH 11 borate buffer. Two milliliters of the OMPC suspension are added to each of three 
tubes which are cooled in ice. An aliquot of succinic anhydride (0.1 M in acetonitrfle) is added to each tube with 
vigorous stining. Succinic anhydride solution is added to tube #1 (8 ^J). tube #2 (16 nl). and tube #3 (32 ^il). 

45 The reactions are allowed to proceed for 2 hours at 0**C. and one hour at room temperature, followed by an 
addition to each tube of 2 ml of thiolating solution (prepared by mixing 85 mg EDTA. 17 mg DTT and 46 mg 
N-acetyl homocysteine thiolactone in 1 0 ml pH 1 1 borate buffer). The thiolation reactions are allowed to proceed 
at room temperature ovemight and then each tube is centrifuged at 43.000 RPM. 4*C for 2 hours. The thiolated 
succinoyl OMPC from each tube is resuspended in 10 ml of pH 8. 0.01 phosphate buffer, recentrifuged and 

50 resuspended In 2 ml of pH8 .01 M phosphate buffer. The sulfhydryl titer in each tube is determined by Ellman 
assay. ^ 

EXAMPLE 45 • 

55 Conjugation of thiolated succinoyl OMPC with MPP-cPND31; j 

Each tube of thiolated, resuspended succinoyl OMPC from Example 20 is treated with an equivalent of a 
solution of maleimidopropionyl-cPND31 . The reactions are allowed to proceed for one hour and the tubes are 
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then centrifuged at 1000 RPM for 1 minute. The supernatanls are diaiyzed against ILof pH 8. 0.01 M phosphate 
iHjffer. The conjugates are recovered and analyzed for norleucine and protein content 

EXAMPLE 46 

5 

Protocol for Inoculation of Animals with the Maleimidopropionyl-cPND31- or MaleimidoprDpionyt-cPND33- 
OMPC-Maleimidopropionic Acid Coconjugate of this Invention: 

Alum was used as an adjuvant during the inoculation series. The inoculum was prepared by dissolving the 
10 coconjugate in physiologic saline at a final conjugate concentration of 300 ^g/ml. Preforrr^d alum (aluminum 
hydroxide gel) was added to the solution to a final level of 500 ^g/ml aluminum. The conjugate was allowed to 
adsorb onto the alum gel for two hours at room temperature. Following adsorption, the gel with the conjugate 
was washed twice with physiologic saline and resuspended in saline to a protein concentration of 300 ^g/ml. 
African green monkeys were individually inoculated with three 300 \ig doses or three 100 ^ig doses of the 
IS conjugate either adsorbed onto alum, or formulated with the Ribi adjuvant. Each dose was injected intramus- 
cularly. The doses were delivered one month apart (week 0. 4 and 8). The aninr>als were bled at intervals of 
two weeks. Serum samples were prepared from each bleed to assay for the development of specific antibodies 
as described in the subsequent examples. 

20 EXAMPLE 47 

Analysis of Sera for Anti-Peptide IgG Antibodies: 

Each serum sample is analyzed by enzyme-linked immunoadsorbenl assay (EUSA). Polystyrene microtiter 

25 plates were coated with 0.5 ng perwell of the synthetic peptide (not conjugated to OMPC) in phosphate-buffered 
physiological saline (PBS) at 4*C. Each well was then washed with PBS containing 0.05% TWEEN-20 (PBS-T). 
Test serum, diluted serially in PBS-T. was added to the peptide-containing wells and allowed to react with the 
adsorbed peptide for one hour at 36*C. After washing with PBS-T. alkaline phosphatase-conjugated goat anti- 
human IgG was added to the test wells and was allowed to react for one hour at 36*^0. The welts were then 

30 washed extensively in PBS-T. Each well received 0.1% p-nitrophenyl phosphate in 10% diethanolamine. pH 
9.8, containing 0.5 mM ^4ga2•6H20. The ensuing reaction was allowed to proceed at room temperature for 30 
minutes, at whteh lime it was terminated by the addition of 3.0 N NaOH. 

The greater the interaction of antibodies in the test serum with the peptide substrate, the greater is the 
amount of alkaline phosphatase bound onto the well. The phosphatase enzyme radiates the breakdown of 

35 p-nitrophenyl phosphate into a molecular substance which absorbs light at a wavelength of 405 nm. Hence, 
there exists a direct relationship between the absorbance at 405 nm of light at the end of the ELISA reaction 
and the amount of peptide-bound antibody. 

All the monkeys inoculated with the maleimidopropionyl-cPND31-OMPC-maleimidopropionic add or the 
maleimidopropionyl-cPND3S-OMPC-maleimidopropiontc acid coconjugate developed antibodies speciTtcally 

40 capable of binding the peptide. 

EXAMPLE 48 

Analysis of Sera for Activity which Specifically Neutralizes HIV Infectivity: 

45 

Virus-neutralizing activity is determined with an assay described by Robertson etal., J. Virol. Methods 20: 
195-202 (1988). The assay measures specific HIV-neutralizing activity in lest serum. Ttie assay is based on 
the observation that MT-4 cells, a human T-lymphoid cell line, are readily susceptible to infection with HIV and, 
after a period of virus replication, are killed as a result of the infection. 

50 The test serum is treated at 56**C for 60 minutes prior to the assay. This treatment is required to eliminate 

non-specific inhibitors of HIV replication. Heat treated serum, serially diluted in^RPMl-1640 cell culture rDedium, 
is mixed with a standard infection dose of HIV. The dose is delemiined prior to the assay as contamtng the 
smanest quantity of virus required to kill all the MT-4 cells in the assay culture after a period of 7-8 days. The 
serunrv-vlrus mixture is allowed to interact for one hour at 37**C. It then is added to 1 .0 x 1 0* MT-4 ceDs suspended 

55 in RPMI-1640 growth medium supplemented with 10% fetal bovine serum. The cultures are incubated at 37*C 
in a 5% COj atmosphere for 7 days. j 

At the end of the incubation perfod. a metabolic dye. DTT, is added to each culture. This dye is yellow in 
color upon visual inspectk>n. In the presence of live cells, the dye is metabolically processed to a molecular 
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25 



30 



35 



40 



45 



species which yields a blue visual color. Neutralized HIV cannot replicate in the target MT^ cells and therefore 
does not kill the cells. Hence, positive neutralization is assessed by the development o f blue color fol lowing 

addition of the metabolic dye. /-^'^ ' " ' ■ — — — \ T^^^T^ 

All monkeys immunized with the malelmldoproplonyl-cPND33-OMPC-maleimidopropionic aad coconju-* 
gate developed specific antibodies capabl e of neutralizing humaru m^ as described above^ 



EXAMPLE 49 

CONJUGATION OF OMPC WITH cPND33: 

1. PREPARATION OF 3-MALElMlDOPROPlONIC ACID ANHYDRIDE 



a-Maleimidopropionic acid (226 mg) vras covered with 5 mL of acetic anhydride and the mixture was heated 
at 130**C for 3.75 hour, and then aged over night at room temperature. The solution was concentrated to an 

IS oil and the NMR spectrum (CDCIJ indicated a mixture of the homoanhydride and the mbced anhydride of acetic 
and maleimkJopropionic acids. The starting add shows the methylen adjacent to the carbonyl as a triplet cen- 
tered at 2.68 ppm whereas in the anhydride these resonances appear at 2.81 ppm. Purification v>«s effected 
by fractional sublimation, first at 70*^ and 0.2 mm and then at 120«C and 0.2 mm. The latter fraction was 
removed from the suWimer by dissolving In CDCI3. affording 34 mg of pure homanhydride on evaporation of 

20 the solvent This was recrystallized from CDCI3 and cyclohexane affording material melting at 143-1 47<»C. 

2. ' SELECTIVE ACYLATION OF cPND33 

CPND33 (22.5 mg. at estimated 70% peptide is equivalent to 15.75 mg or 5.212 micromoles) was dissolved 
in 12.0 mL of a 0.1M pH 5.25 morpholinoethane sulfonic acid buffer and cooled in an ice bath. Analysis of this 
solution and progress of the reaction was followed by HPLC on a 25 cm ODS column using 25% aqueous 
acetonitrile: 0.1% trifluoroacetic acid (TFA) as eluent. Maleimidopropionic acid anhydride (2.0 mg. 6.25 micro- 
moles) was dissolved in 0.600 mLof dry tetrahydrofuran. and 0.5 mL of this solution (corresponding to 5.2 micro- 
moles of anhydride) added to the above pepUde solution. After 30 sec., a 7 microliter aliquot was removed 
and evaluated by HPLC. This assay was repeated at 0.25. 0.50. 1 .25. 2.25 and 3.0 hr. After 3.5 hr the solubon 
was lyophilized. The lyophflizate was dissolved in 2.0 mL of 20% aqueous acetonitrile, filtered through a 0.2 
rrwcron filter and preparatively chromatographed in three 0.700 mL runs on a 21.2 mm x 25 cm Zorbax CIS 
column. The following eiution program was used: flow rale = 10 mUmin; isocratic elution with 25% aqueous 
acetonitrae/0.1% TFA (12 min); gradient to 28% acetonitrile (10 min); gradient to 35% acetonitrile (8 mm). The 
tail fractions were isolated by concentration and lyophiltzation to afford 8.9 mg of recovered starting material 
(penultimate fraction) and 9.6 mg of a product which had a mass spectrum (FAB) indicating a molecular weight 
of 3172 (i.e the mono-maleimidopropionyl derivative of cPND33). 

The product was further characterized by a sequence analysis looking for the absence of lysine (the abs- 
ence of any sequence would imply terminal amino acylation). The results indicate that most but not all of the 
maleimidopropiony! moiety is bonded to the lysine closet to the carboxy terminus. 

3. CO-CONJUGATION OF MALEIMIDATED cPND33 WITH THIOLATED OMPC 
A. Small Scale Experiment 



An aqueous 3-maIeimidopropionic acid (MPA) solution (1 mg/mL) was prepared. This was titred as follows: 
to 2 98 mL of a solution of N-acetyl cysteine (0.2 micromoles/mL in pH8.0 PO4 buffer) was added 0.02 mL of 
the maleimklopropionic acid solution. After ageing for 10 minutes. 0.100 mL of Ellman reagent was added. The 
O D. was determined at 41 2 nm using this material in the reference beam and a "blank" (prepared by substituting 
50 water for the sample) in the sample beam. A titer of 5.0 micromoles/mL of 3-maleimidoproplonk; acid was found 
by this Ellman "extinction" assay. The maleinmdated peptide (MPP) from above (9.6 mg/0.800 mL of water) was 
titred in the same way and found to have 2.7 micromoles/mL. 

OPMC thidaled with N-acelyl homocysteine thidaclone was found by Ellman Assay to have a titer of 0.775 
micromoles SH/mL. To 0.5 mL of this thiolated OPMC solution in a ReactiVial was added 0.044 mL of the MPA 
55 solution and after ageing for 10 minutes at room temperature. 0.044 mL of the MPP soluUon was added. No 
precipitation of conjugate was noted. 
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B. Large Scale Experiment 

To 8.5 mL (6.6 mlcromoles of SH) of the above thiolated OPMC solution was added 0.85 mL of the MPA 
soluUon (4.25 micromoles or 65% of MPA) and after ageing for 10 minutes 0.85 mL of the MPP solution (2.3 

5 micromoles or 35% MPP) was added. The soluiton was aged at 4'C for 1 6 hours after which time a precipitate 
was noticed. The precipitate was resuspended by a adjusting the pH to 8.1 3 with 0.005 mL of 5N NaOH. After 
ageing for 3 hours, a small amount of precipitate was removed by a low speed centrifugation. The conjugate 
was then purified by ultracenlrifugation twice at 43K rpm, 4"»C for 2 hours. The pellets were resuspended with 
a DourK^e honx)gentzer in 0.03 M, pH phosphate buffer. 

10 The final conjugate solution was assayed for protein (fd: 0.92 mg/mL) and amino acid analysis (Nie = 60.35 

nanomoles/mU i.e. peptide; 139.6 nanomoles of beta alanine, total maleimido compounds in conjugate). This 
corresponds to a 20.4% loading of the peptide by weight onto the protein. 

The conjugate Is a mixture consisting of cPND33 bonded to OMPC through the amino terminal norieucine, 
or one of the three internal lysines. The conjugate was tested in rabbits and found to be efficacious in raising 

15 HIV neutralizing antibodies. 

While the foregoing specification teaches the principles of the present inventbn, with examples provided 
for the purpose of niustralion, it will be understood that the practice of the invention encompasses all the usual 
variations, adaptations. modiTrcalions, or deletions as come within the scope of the following claims and fts equi- 
valents. 

20 



46 



EP 0 467 700 A2 

SEQUENCE LISTING 



<1) GENERAL INFORrUTION: 
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(viii) ATTORNrv/AGtNT IMrORHATION: 

(A) NAME: Pfeiffer, Hesna 0 

(B) REGISTRATION NUKBCR: 22640 

(C) RErERCNCC/DOCKET NUMBER: 181S2IA 



10 



<ix) TELECOHMUNI CATION INrORHATIDN: 

(A) TELEPHONE: 906-594-4251 

(B) TELEFAX: 908-594^720 



15 



20 



25 



(Z) INFORMATION FOR SEQ ID N0:1: 

(n SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 smfno acitfs 

(B) TYPE: amino acid 
(D) TOPOLOGY: both 

{^^) MOLECULE TYPE: peptide 



30 



35 



(5x) FEATURE: 

(A) NAME/KEY: Hodif led-site 

(B) LOCATION: 1 

(D) OTHER INrORHATION: /UbeTr Nie 
/notes "norleucine** 



40 



(ix) FEATURE: 

(A) NAME/KEY: Disul fide-bond 

(B) LOCATION: 2.. 26 



45 



50 



55 



(xO SEOUENCE DESCRIPTION: SEQ 10 N0:1: 



Leu Cyt Tyr Asn Lys Arg Lys Arg He His He Gly Pro Gly Arg Ala 
15 10 15 



Phe Tyr Thr Thr Lys Asn He He G1y Cys 
20 25 
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Claims 

1. A coconjugate comprising an immunogenic protein or protein complex having a first set of covalenl lirv- 
kages to low molecular we^ht moieties, -a", which have an anionic or a polyanionic character at physidogj- 
cal pH. and a second set of covalent linkages to peptides comprising Human Immunodeficiency Virus (HIV) 
Principal Neutralizing Detemr^nants (PNDs). or peptides immunologically equivalent therewith. 

2. The coconjugate of Claim 1 wherein the immunogenic protein consists essentially of the outer membrane 
protein complex (OMPC) of Neisseria meningitidis b, and the PND peptides have linear stnjctures. disul- 
fide bonded cydic structures, amide bonded cyclic structures, or a thioether bonded cyclic structures. 

3. The coconjugate of Claim 2 wherein the PND peptides are comprised of the sequence: 
-GlyProGlyArg-. -GlyProGlyLys-. -dyProGlyVal-. -GlyProGlyGIn-. -GlyLeuGlyGIn-, -GlyProGlyAr- 
gAlaPhe-, -HislleGlyProGlyArgAIaPhe-. or -GInArgGlyProGlyArgAIaPhe-. 

4. The coconjugate of Oaim 3 wherein the PND peptides have a core or loop amino ackJ structure: 

-x-Xo-X,-X2-GPGR-XrX4-X„-y- 
or pham>aceulically acceptable salts thereof, wherein -GPGR- is the telramer -GlyProGlyArg; 
X^ is: 

a) serine. 

b) proline, 

c) arginine, 

d) histidine. 

e) glutamine; or 

f) threonine; 
Xj is: 

a) isoleucine. 

b) arginine. 

c) valine, or 

d) methionine; 

X„ is either a bond or a peptide of up to 15 amino acids; 
X3 is: 

a) alanine, 

b) arginine, or 

c) valine; 
X4is: 

a) phenylalanine. 

b) isoleucine, 

c) valine, or 

d) leucine; 

X„, is bond or a peptide of up to 15 amino acids; and 

-X- and -y- are joined to each other through a covalent structure, to form a cyclic peptide, which is covalently 
bound to OMPC. 

5. The coconjugate of Claim 4 wherein the cydic covalenl structure between x and y Is comprised of: 

a) an amide bond between an amino group on one side of the loop amino acids and a carboxyl group 
on the other side of the loop amino acids. 

b) a xylylene thioether or lower alkyi thioether bond between sulfhydryl containing amino acids on either 
side of the loop amino acids, or 

c) a disulfide bond between sulfhydryl containing amino adds on either side of the loop amino acids. 

6. A coconjugate comprising an immunogenic protein or protein complex having a first set of covalenl lin- 
kages to low molecular weight nrK>ieties. -a*, which have an anionic or polyanionic character at physidogh 
cal pH. and having a second set of covalent linkages to peptides comprising Human Immunodefidency 
Vims (HIV) Prindpal Neutralizing Detemr^inants (PNDs). wherein the first, second, or both sets of covalent 
linkages are comprised of derivatives of maleimide. 

7. The coconjugate of Oaim 6 wherein the the covalent linkage between the low rrwlecular weight anionk: 
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moeiUes, -a~, and the immunogenic protein are comprised of group R, to fomi the structure -R-a", wherein: 
-R- is: 

a) -lower alkyl-. 

b) -substituted lower alkyi-. 
5 c) -cyck>alkyl-. 

d) -substituted cycloalkyi-. or 

e) -phenyl-; and ^ 

-a' is from one to frve residues selected from the anionic form of carboxylic, sulfonic, and phosphonic acids. 

10 8. The coconjugate of Claim 7 wherein the immunogenic protein is essentially the Outer Memt>rane Protein 
Complex (OMPC) of Neisseria nteningitidis b. 

9, The coconjugate of Claim 8 having the structure: 

j(PEP-A-)-OMPC-<.&-a-)x 
15 or pharmaceutically acceptable salts thereof wherein: 

-a- is a low nrK>lecular weight moiety having an anionic or polyaniontc character at physidogicat pH. and 
is from one to five residues of the anionic form of cart>oxy!tc, sulfonic, or phosphonic add; 
X is the numt)er of moles of B-a' in the coconjugate ar)d is between 1% and 90% of m; 
m is the molar anr^unt of reactive nucleophilic functionalities In the mmunogenic protein. PRO. prior to 
20 conjugation; 

PEP consists essentially of an HIV PND; 

j is the peptide loading and is between 1% and 50% of the total coconjugate protein; 
-A- consists essentially of the linkage: 



O 



30 




and -B- consists essentially of the linkage: 



O O 
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o 



45 or -R2-R-; 

wherein: 
-S- Is sulfur, 
-R' is: 

a) hydrogen, 
50 b) lower aikyl. or 

c) -SO3H; and 
-R2 is: 

a) lower alkyi, 

b) carbonyl. or 

55 c) lower alkyl acyl amino 

10. The coconjugate of Claim 8 wherein the PEP is limited to: 
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H HO 
r_Rl_N-R8-C-C-R2-GPGR-R3"R*-R^ 



or frfiannaceutically acceptable salts thereof, wherein: 

r is the position of linkage l)etween PEP and OMPC; 
R^is 

a) a bond, or 

b) a peptide of 1 to 5 amino acids, optionally including a marker amino acid; 
is* 

a) either a bond or a peptide of up to 17 amino acids if R^ is a peptide of at least 2 amino acWs. or 

b) a peptide of between 2 to 17 amino acids, if R^ is a bond; 
R} iS' 

a) either a bond or a peptkJe of up to 17 amino acids if R^ is a peptkJe of at least 2 amino acids, or 

b) a peptide of between 2 to 17 amino acids, if R^ is a bond; 

-GPGR- is the tetramer -GlyProGlyArg-; 
R*is: 

a) -NH-CH-CO- with R^ bonded to the methine carbon if R^ is Rs. or 

b) a bond from R» to R^ and R* 

ifR^is: 

-0=0, or C-CH2-CH2-CH-NH-C=0; 
0 CONH2 



R5 is: 

a) a peptide of one to five amino acids optionally including a marker amino acid. 

b) -OH, 

c) -COOH, 

d) ^NH2. 

e) -NH2.or 

f) -absent; 
R6 is- 

a) an amino acid side chain, selected from the side chain of any of the common L or D amino acids, 
(see table of Definitions and Abbreviattons). rf the optional bond ( ) to R^ is absent 

b) -Rft-S-S-. or -R»-S^8_R9.R8.s-. if R^ is R«. or 

c) -R8-NH- if is 

-C=0, or C-CH2-CH2-CH-NH-C=0; 
0 CONH2 

R7 is: 

a) -R8-. 

b) -C=0. or 
c) 

0 



or 



C-CH2-CH2-CH-NH-C=0 ; 
CONH2 
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is a bond or lower alkyl of between one and eight carbons; 
R9is 

a) RIO or 

b) xytylene 
5 R" is: 

a) lower alkyl. or 

b) -CHrOCHr; and 

-R2-GPGR-R5- is the PEP core or loop amino acid structure. 

10 11. The coconjugate of Claim 10 wherein the PEP core amino acid structure -R^-GPGR-R^- is: 

-X„XiX2-GPGR-X3X4X,„- 

wherein: 

-GPGR- is the telramer -GlyProGlyArg-; 
X, is a constituent of R^ selected from: 
IS a) serine, 

b) proline. 

c) arginine, 

d) histidtne. 

e) glutamine; or 
20 0 t^ireonine; 

Xj is a constituent of R^ selected from: 

a) isoteucine, 

b) arginine. 

c) valine, or 
25 d) methionine; 

X„ is a constituent of R' and is either a bond or a peptide of up to 15 amino acids; 
Xj is a constituent of selected from: 

a) alanine. 

b) arginine, or 
30 c) valine; 

X4 is a constituent of R' and is selected from: 

a) phenylalanine. 

b) Isoleucine, 

c) valine, or 

35 d] leucine; and 

X,n is a constituent of R^ and is a bond or a peptide of up to 15 amino acids. 

12. The coconjugate of Claim 1 1 wherein PEP is comprised of one or nr>ore of the peptides having the structure: 
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Name 



SCriicture 



a) cPNDl r-KLe-C-H-I-C-P-C-P-A-F-C-OH 

' S S ' 

I I 
HjC CHj 



b)cpm« r-mo-c-i-c-p-c-B-A-F-c-oH 

I s s 1 

I I 

H,C CH, 



c) CPND2 r-Hl©-C-R-I-Q-R-C-P-C-R- A-F-V-T-C-OH 
I 1 s s ' 



HjC CHa 

6 



d) cPNM r-me-CtaCPCRAFC-COOH 

I I 

CH,-9-S--CI^ 



e) CPND8 r-Nle-KHIGPGRT^F 

I I 
(G) N C=0 



H 



F) CPND9 r-Ac-Cys-Nle-KHIGPGRAP 

I I 
C^) N C= 



H 



a') cPNDI 1 r-Nle-KIGPGRAF 

I I 
( 6) N C=0 

I 

H 
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h) CPND12 



r-Nle-KGPGRlVF 
I I 
C^) N c=0 

I 

H 



3) CPND14 



r-Nle-kreCGPGRAF 
i I 
(C) N C=0 

I 

H 



k) CPND15 



r- Nle- KQRGPGRAF 

(G) N C=0 

I 

H 



1) ePND16 r-Nle-KSIGPGRAF 



(6) I 



-c=o 



H 



rrj) CPND21 



r-Nle-KRGPGRAF 
( I 
( e) N c=0 



H 



n) CPND23 



r-Nle-KHIGPGRA 
I I 

(6) ^f c=o 



H 



o) CPND24 r-Nle-KQRGPGRA 



(£) N- 



I 

-0=0 



H 
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p) CPND25 



r-Nle-KIGPGRA 
I I 
(e) N c=0 



H 



q) CPND26 



r-Nle-KCPGRA 
I I 
(G) N C=0 



H 



r) CPND27 



r - Nl e - KHIGPGRAf 
I I 
(€) N C=0 



H 



s) CPND28 r-Nle-KQRGPGPAf 



(6) N- 
I 



-c=o 



t) CPND29 



r - Nl e - KHIGPGRAFv 
I I 
(€) N C=0 



H 



u) CPND30 r-Nle-KHIGPGRVF 

(E) N C=0 



H 



CPND31 r-Nle-N-KHIGPGRAF 
C-)'li i 1 

HO jHNOC H 



H 
I 



\r) CPND32 r^Nle-N-*KORCPCRAF 

NCCCKaJaCHNCrO 
^HNOC H 



X) PND142 r-YNKRKRIHIGPGRAFYTTKNIIGT, 
y) PND-SC r-NrJTTRSIHIGPGRAFYATGDIIGDK 
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ab) PND135-12 r-RIQRGPGRAFVT. 

ac) PND-MN8 r-HIGPGRAF. 

ad) PND-MN6 r-GPGRAF. 

ae) PND-LAV-1 r-rORGPGRAF, 

af) PNE>-SF2 r-IYIGPGRAF, 

ag) PND-NY5 r-IAIGPGRTL. 

ah) PND-CDC4 r-VTLGPGR\AV. 
aO PNE)-RF r-ITKGPGRVI, 

aj) PNOELI r-TPIGLGQSU 
ak) PND-Z6 r-TPIGLGQAU 
al) PND-MAL r-IHFGPGQAL. 
am) PNE>-Z3 r-IRIGPGKVF, or 
an) CPND33: 

H-Nle Cys Tyr Aen Lys Arg Lys Arg lie His lie Gly Pro 



wherein r is the position of linkage between the peptide the OMPC of the conjugate, with the proviso that 
cPND33 may be linked through the amino terminal NIe or one of the internal Lys residues. 

13, A cocbnjugate having the structure: 



CH2 
S 



Gly Arg Ala 
He He Gly 
S 



Phe Tyr Thr Thr Lys Asn 

Cys -OH 

CH2 



o 



„.„CF>OMPC 





o 




n-„(F>OMPC 
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C) 



n-nCF>OMPC 

CNH-C — R-S 
II 




or 



n-nC F>-OMPC 

I 




or pharmaceutically accepatable salts thereof, wherein: 

-a" is a low molecular weight moiety having an anionic or polyanionic character at physiological pH. and 

is from one to five residues of the anionic form of carboxylic. sulfonic, or phosphonic acid; 

X is the mjml)er of nooles of a" in the coconjugate and is between 1% and 90% of m; 

m IS the mdar amount of reactive nudeophilic functionalities in the OMPC prior lo conjugation; 

PEP consists essentially of an HIV PND; 

j is the peptide loading and is between 1% and 50% of the total coconjugate protein; 

(F)n.m IS the total number of functional groups. F„. diminished by the number "m" of functional groups that 

are derivatized. on PRO; 

-R- is: 

a) -lower alky I- , 

b) -substituted lower alicy-. 

c) -cycloalkyi-, 

d) -substituted cyloalkyi-. 

e) -phenyl-; 
-R' is: 

a) -hydrogen, 

b) -lower alkyl. or 

c) -SOjH; 
R2 is: 

a) carbonyl. 

b) lower alkyl. or 

c) lower alkyl acyl amino; 
-S- is sulfur and 

OMPC is the outer membrane protein complex of Neisseria meningitidis b. 
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14. The coconjugale of Claim 1 3 having the structure: 



10 



15 



20 



25 



30 



35 



40 



45 



50 



[I * O* ' " 

•W-C-CH-CTj-CI^-i II O H K It O "I 

O mcOCK, ci^CII,-C-»-IO»-ll-C.C-Hl»-Xl»-Oly-Pro-0ly-»rg I 

M ^*^c»^cii|CB,c^t-n-c-ni»-ia»^ J 



I ■••-c^ii-cii.ciu.a I) J 

OlvC 

[* o 

O NNCOCI^ fCll,>,-C-i».|il.-i»-C-C-Oln-Arg-aly-Pro-0ly-Jttg I 

H " ' **'ct^CII,Cl^C»li-IIH-C-W*•-»l•'^ J 



S— CMyCI^COO* 



O HICOCMt {_^-f«I,),-C-IUia»-Ii-CCI^).-C-C-I»»-Xl»-Cly->r»-Cly-Wt 

U f*' m.c^ciu>«-cii-ni-c.fi».na 



" r ,^ A^-i 

O nEOCKi r>-CC1^),-C-ll-»»-II-<C1^).-C-C-01tt-arfl-01y-»r»-Oly-fc^O 

4 n c*> iiiue-(cio.-eK-m.c-vi»-id« 



I " «CK^ rV-fC)^y.c.>.«*- eyft '■yr teft If* Lf« ar« tt« m* ti* mjr 

jL 1 - . J 



t 

MOOC-cy* Vly lU tU tjw Tlv 9« Trr *U 



^C-Irt tf« Art CI* a* tlm Uy Olr te« Jll« I 
55 I " t^^P-^e^»-e-»-CCS>« lyr ^.c.t^ Sir 11* tl» Ly* tl« 
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X*-^ O ^c-ftr« Zl» SI* n* Uf »n> Olr «r« n» t>r llv^ 

o Moc^ '(2i^-(aw,-e-»-(as>. .c.*-Ar« Ln lyr cr»^«-»-c>» oit n« tea Lv« 



or 



15 



20 



3 L o K 



OkC-tan SUi Zl« eya*t-»-C7s Tyr »n Lf« Jlr« 



•-TM- Tfer Tyr Pk» JUL* Mr* Olr V*** <Uy KX« 



or pharmaceutically acceptable salts thereof, wherein: all varial)les are as defined in Qaim 13. 

15. A pharmaceutical composition comprising an inert carrier and the coconjugate of either Claim 1, Qaim 6, 
Claim 13 or Oalm 14 and optionally, additional adjuvant or immunornodulatory compounds. 

16. A process for making a cocojugate having the structure: 

25 J(PEP-A.)-PRO-(-B-al, ; ' ' 

or pharmaceutically acceptable salts thereof, wherein: 

PEP is an HIV PND peptide, or a peptide capable of raising mammalian immune responses which recog- 
nize HIV PNDs; 

PRO is an immunogenic protein or protein complex; 
30 -A- is a covalent linkage; preferably a bk>generic spacer 

-B- is a covalent linkage; 

-a" is a low molecular weight nwiety having an anionic or polyanionic character at physiological pH. and 
is from one to five residues of the anionic form of carboxyiic, sulfonic, or phosphonic acid; 
j is the peptide toading, and is the percentage by mass of peptide In the coconjugate, and is between 1% 
35 and 90% of the total protein mass in the conjugate. 

X is the number of moles of -B-a" in the coconjugate, and is between 1% and 90% of m; and 

m Is the mdar amount of reactive nudeophilic funtionalities in the immunogenic protein, PRO, prior to con- 

jugatk>n: 

which comprises the steps of: ' 
40 la. reacting the protein nudeophilic groups with a reagent which appends sulfhydryl groups on the pro- 

tein. 

1b. reacting a fraction of the sulfhydryl groups appended to the protein In step 1a with a reagent com- 
prising an electrophile and an anion which has a negative charge at pjhysological pH, 
1 c. reacting the product of step 1 b with peptides previously derivatlzed'so as to append an electrophilic 
45 group on the peptide; or 

2a. reacting the protein nudeophilic groups with a bifuntional electrophflic reagent so as to generate 
an electophilic protein. 

2b. reacting a fraction of the electrophilic sites on the product of step 2a with a reagent comprising both 
a nudeophOe and an anionic group: and 
50 2c- reacting the product of step 2b with a peptide containing a nudeophile: or . 

3a. reacting a fraction of the protein nudeophile groups with a reagent comprising both an electrophile 
and an anion or indpient ank)n; 

3b. reacting the residual fraction of nudeophilic groups on the product of step 3a with a reagent which 
generates thiol groups on the protein, and 
55 3c. reacting the product of step 3b with peptides previously derivatized so as to append an electrophilic 

group: or 

4a. reacting a fractton of the protein nudeophflic groups with a reagent comprising both an electrophile 
. and an anion or indpient anion: 
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4b. reacting the residual protein nucleophtlic groups on the product of step 4a with a bifunctional 

electrophtlic reagent so as to append electrophilic sites onto the protein; 

4c. reacting the product of step 4b with a peptide containing a nudeophilic group. 



or pharmaceutically acceptable salts thereof wherein: 

-a~ is a low molecular weight moiety having an anionic or polyanionic character at physiological pH. and 

is from one to five residues of the anionic form of carboxylic, sulfonic, or phosphonic acid; 

X is the number of moles of a~ in the coconjugate and is between 1 % and 90% of m; 

m is the molar amount of reactive nudeophilic funtionalities in the OMPC prior to conjugation; 

PEP consists essentially of an HIV PND; 

j is the peptide loading and is between 1% and 50% of the total coconjugate protein; 

{f)n^ Is the total number of functional groups. F„. diminished by the number "m" of functional groups that 

are derivatized, on PRO; 

-R-is: 

a) -lower alkyi-, 

b) -substituted lower alky-. 

c) -cydoalkyi-. 

d) -substihjted cyloaikyi-, 

e) -phenyl-; 

-R'is: . 

a) -hydrogen, . . . . • v 

b) -lower alkyl. or 

c) -S03H;and . . . . 
-S- is sulfur; 

which comprises the steps of: 

1a. reacting the protein nudeophilic groups with N-acetyl honrK>cysteine thiotactone. which generates 
thiol groups on the protein, 

1b. reacting a fraction of the thiof-protein from step la in part with a reagent selected from maleimidoal- 
kanoic acid, bromoacetic add. bromoacetyl-6-aminohexanoic add. iodoacetic acki. or p-propiolactone. 
comprising an electrophile and an anion whk:h has a negative charge at physiological pH. 
1c. reacting the product of step lb with peptides previously derivatized so as to append an electrophilic 
group on the peptide. 

1 8. The process of Claim 1 6 for rnaking a coconjugate wherein the PRO is the Neisseria meningitidis b OMPC, 
to generate a coconjugate having the structure: 



17. The process of Claim 16 for making a coconjugate wherein the PRO is the Neisseria meningitidis b OMPC, 
to generate a coconjugate having the structure: 




O 



O 



OH 
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10 



40 



n-n(r)«OMPC ° 



O 

O . i JW-R-C-N-PEP)J 



wherein: 

-a- is a low molecular weight moiety having an anionic or polyanionic character at physiological pH. and 
15 is from one to five residues of the anionic form of carl>oxyllc, sulfonic, or phosphonic acid; 

X is the number of moles of a" in the coconjugate and is between 1% and 90% of m; 
m is the number amount of reactive nudeophilic functionalities In the OMPC prior to conjugation; 
PEP consists essentially of an HIV PND; 

j is the peptide loading and is between 1% and 50% of the total coconjugate protein; 
20 (F)„.m *s the total number of functional groups, F„. diminished by ttie number "m" of functional groups that 

are derivatized, on PRO; 
'R-is: 

a) -lower alkyi-, ' ' " ^ * * ' 

b) -substituted lower alky-\ '* ^' --^ o-.v '''^ ' 
25 c) -cydoalkyi-, J . . 

d) -substituted cyloaikyl*. 

e) -phenyl-; * ' * 

-R' is: ^ V "'^ 

a) -hydrogen, ;r . 

30 b) -lower alkyi, or ** • - v.-:-:, 

c) -SO3H; and 
-S- is sulfur, 

which comprises the steps of. 

2a, reacting the protein nucleophak: groups with maleimidoalkanoic add hydroxysuccinimkJe ester, so 
j5 as to generate an electrophilic protein, 

2b. reacting a fraction of the electrophBic sites on the product of step 2a with a-mercaptoacetic acid, 
2-mercaptoethyt sulfonic acid, 2-mercaptosuccinic acid, 2-mercaptoethyl phosphonic ackJ, 3-mercapto 
propk>nic acid, or 2-mercaptobenzoto ackJ, and 

2c. reacting the product of step 2b with a peptkJe containing a thbl group. - • *r. 



19. The process of aaim 16 for making a coconiuoate wherein the PRO is the Neisseria meningitidis b OMPC, 
to generate a coconjugate having the structure: 



45 



50 
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O 
I 

CNH-C-R-a')x 



n-rT(F)-OMPC 

CNH-C-R-S 
II 




wherein: 

-a" Is a low molecular weight moiety having an anionic or polyanionic character at physiological pH, and 
is from one to five residues of the anionic form of carbo^cyiic, sulfonic, or phosphonic acid; 
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X is the number of moles of a~ in the coconjugate and is between 1% and 90% of m; 

m is the molar anrK>unt of reactive nudeophilic fundtenalities in the OMPC prior to conjugation; 

PEP consbts essentially of an HIV PND; 

j is the peptide loading and is between 1% and 50% of the total coconjugate protein; 

(F)o^ is the total number of functional groups, Fn, diminished by the number 'm' of functional groups that 

are derivatized. on PRO; 

-R- is: 

a) -lower alkyi-. 

b) -substituted lower alky-. 

c) -cydoalkyl-, 

d) -substituted cyioalkyi-. 

e) -phenyl-; 
-R'is 

a) -hydrogen. 

. _ bjiTloy/eralkyl. or.. . . ..: . . .. .......... 

. .''c)'-S03H;-and . " ' "', 

b) lower afkyl. or ^ - . ■ 

c) .jpwerjeil|iyl acyl amino; and . . . , . , ."^ 

is sulfur^,. _,. j^. jT . . . . 1 . . .. , . ' . ' 

wtiich comprises the steps of; 
3a. reacting a fractk>n of |he protein nudeopbilip groups a reagent comprising both an electrophile 
and an anton, selected from N-(brorTK>acetyl)-6-amlno caproic acid, gliitaric anhydride, tricarballk: 
aphydride. hemimellitic anhydride, pyromellitic anhydride, pttialic anhydride, Jodoacetk: acid, glyoxylic 
add-^lui^H^npbw 4-carbo)^aldehydeHSodwrTV-cyanotK)rbhydride, ^. sulfpacetk: ackJ 

anhydride, or succinic anhydride; , , ^ . 

3b. reacting the residual fraction of nudeophDic groups on the product of step 3d with N-acetyl homocys- 
teine thiolactone, which generates thiol groups on the protein, and 

3c. reacting the product of step 3b with peptides prevk>usly derivatized so as to append a group com- 
prising maleinriide, on the peptide.- ... 

20. The process of Oaim 1 6 for making a coconjugate wherein the PRO is the Neisseria meningitidis b OMPC, 
to generate a coconjugate having the structure: 

.V . ........ . . . . 

n.^F)-OMPC 

wherein: 

-a' is a low molecular weight moiety having an anionic or polyanionic character at physiological pH, and 

is from one to five residues of the anionic form of carboxylic, sulfonic, or phosphonic add; 

X is the number of moles of a" in the coconjugate and is between 1% and 90% of m; 

m is the molar amount of reactive nudeophilic functionalities in the OMPC prior to conjugation; 

PEP consists essentially of an HIV PND; 

j is the peptide loading and is t>etween 1% and 50% of the total coconjugate protein; 
(Hn-m is the total number of functional groups, F„, diminished by the number "m* of functfenal groups that 
are derivatized. on PRO; 
-R- is: 
a) -lower alkyi-. 
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b) -substituted lower alky-. . ^ ^ 

c) H^doalkyl-. . ^ . . or,^ 

d) -substituted cyloalkyl-, _ ^ , r r-i -o ^r.iic^c -.1^ - • 

e) -phenyl-; \,. .'^.\.ZZ ' . ' 

a) -hydrogen, " . 

b) -lower alkyl. or ..-e . v. , 

c) -S03H;and . . .'.V., 
-R2|s: * " *' "* ' '/ 

?o a) carl>onyl, .-, 

b) lower alkyl, or 

c) lower alkyl acyl amino; and 
-S- Is sulfur 

which comprises the steps of: 

IS 4a. reacting a fraction of the protein nudeophilic groups with a reagent comprising both an electrophSe 

and an anion, selected from N-(bromoacetyl)-6-amino caproic add. glutaric anhydride. tricart>allic 
anhydride, hemimellrtic anhydride, pyromellitic anhydride, pthalic anhydride, k>doacet^ acki. glyoxylic 
acid-sodiunw:yanoborohydride, 4-carboxyaldehyde-sodiunr>-cyanobofohydnde.^ acW 
anhydride, or succinic anhydride. ^ ....... ^ .'-^ ...*'. 

20 4b. reacting the residual protein nudeophilic groups on the' pirodiict of step with a bifuncttonal 

electrophilic reagent comprising maleimidoalkanok; add hydrox^ucdnirnide"este?,'s^ to append 
electrophilic sites onto ttie protein, * /.^^ r^' .1 

4c. reactiiig the product of kep 4b' Witt^^^^ cohtaTning ia iSiofi J ' 

25 21. The use of a c6&njugate*ks'daafnied in Claiml, Claiim &6r Qaim i3i^optionally to^ additional 
adjuvant'br imrmjnornodulatofy'cbiTipbu the*Vr6'paratioff 6f a rhedfc^^h^^ anti-peplkle, 
anti-HIV, or HIV-neutrallzing immune responses in a marhmd :' ' * - - ' • 
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22. The use as daimed in Claim 21 wherein the rr^malls a-human. 

23. The use of a coconjugate as daimed in Claim 1 , aaim 6 orGTairri'lS, optionally together with additional 
imnujnomodulatory, adjuvant, or anti-viral agents, for the preparation of a fnedicament for the prevention 

** • r. ■ or treatment of infection by HIV, or HP/ disease, indudihg AlOS. ' 

35 24. Antlsemm, or antibodies isolated therefrom, raised by innolculating a mammal with an immunologk:aIly 
effective amount of a composition comprising an inert carrier and the coconjugant daimed in Claim 1, 
Claim 6 or Claim 13, either with or without addittonal immunomodulatory, adjuvant, or anti-viral agents, 
and boosting as needed to elevate the anti-PNO peptide. anti-HIV, or HIV-neutralizing immune response 
In saul mammal. . . 
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25. The use of antiserum, or antibodies isolated therefrpm, as daimed in Oaim 24. for the manufacture of a 
medicament for the prevention or treatment of infection by HIV, or of HIV disease, induding AIDS. 
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